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Syndrome 


|. Clinical Studies 


Robert A. Ulstrom, M.D. 

Nathan J. Smith, M.D. 

and 

Ernest M. Heimlich, M.D., Los Angeles 


Within an 18-month period four infants 
: have been seen with the unusual clinical 
findings of edema, pallor, and marked irri 


tability. Preliminary laboratory studies have 


demonstrated hypoproteinemia and anemia 
n the absence of other signs of hepatic or 
renal disease in each patient. Although sim 
ir clinical situations have been discussed 

previously in pediatric writings,* none of 
; the reported patients appears to have had 
the same clinical syndrome as those to be 
lescribed here. For this reason the clinical 
findings in the four patients will be pre 
sented in some detail, and the many lab 
ratory investigations undertaken in an at 
mpt to define pathogenesis of the 
hypoproteinemia and anemia will be dis 


ussed, 
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John and Mary R. Markle Scholar in the 
lical sciences; present address, Department of 
liatrics, University of Minnesota Hospitals, 

finneapolis (Dr. Ulstrom); assistant Professor 
Pediatrics, University of California School of 

Medicine (Dr. Smith), and Instructor in Pedia- 
s, University of California School of Medicine 
Heimlich) 
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ranstent —Dysproteinemia in ants, 


Report of Cases 


Case 1.—This Caucasian girl was born on Nov 
15, 1953, after an uneventful pregnancy and normal 
labor. Her birth weight was 3600 gem. (7 Ib. 15 


oz.). She was first seen in the Department « 


Pediatrics of the University of California at Los 
Angeles at one month of age. At this time, the 
mother recognized no specific problems and was 
feeding the infant an evaporated milk formula 
At 5 days of age she had been given a synthetic 
vitamin C supplement which was thought to have 
caused a papular erythematous eruption on the 
tace. Orange juice had been substituted, and the 
rash disappeared. Physical examination at one 
month of age failed to reveal any abnormalities 
Her weight at that time was 4800 em. (10 Ib. 9 oz.) 
and length 59.7 em. (23% in.). The family history 
revealed that the parents were healthy. A maternal 
half-sister and one brother were living and well 
rhe patient was seen at monthly intervals for 
he next five months. Her weight gain was good 
vy volk 
+ > 


were added to the diet beginning at 2 to 4 months 


Fruits, cereal, vegetables, meats, and ¢ 


of age. Motor and social development were normal 
Diphtheria, pertussis, and tetanus immunizations 
were given at monthly intervals starting at 3 
months of age, and a smallpox vaccination re 
sulted in an uncomplicated primary vaccination 
reacuion at 5 months. At 6 months of age, the 
haby was examined and found to have a mild 
respiratory infection Phenylephrine (Neo- 
synephrine) hydrochloride nose drops were pre- 
scribed. Her weight at 6 months of age was 8400 
gm. (18 Ib. 8 oz.) 

At 7% months of age. the patient was seen 
because of marked irritability, periobital and facial 


swelling of one week's duration, and increasing size 
of the abdomen and legs. On examination. a 
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moderate degree of generalized edema was noted Although these findings seem to indicate the 
: The liver edge was palpable 3.5 cm. below the right patient was suffering from iron depletion, the pa 
costal margin. Her appetite had remained good, tient’s age, history of a good diet, low free 
and the food intake was normal. Her weight was’ erythrocyte-protoporphyrin level, low total iror : 
9200 gm. (20 Ib. 4 oz.) binding capacity of the serum, and absence 
At this time, the total serum proteins were 3.0  normoblastic hyperplasia in the marrow were 1 
gm. per 100 cc. with 1.1 gm. per 100 cc. globulin in keeping with this conclusion. To further 
and 1.9 gm. per 100 cc. albumin. The nonprotein evaluate the tron metabolism, a dose of 200 me 
nitrogen in the plasma was 11.1 mg. per 100 cc. of saccharated iron oxide was given intravenou 
The patient was hospitalized on July 12, 1954, on July 26, 1954. This was followed by a prompt ~ 
and observed for a period of 25 days and progressive rise of hemoglobin concentratior 
Initial diagnostic efforts were directed at more over the next eight weeks \ 
precisely defining the nature of the hypoprotei- During the period of hospital study, it was not ‘ 
nemia. The serum total protein level on admission possible to define abnormalities in renal or hepatic Bm ?™°" 
r ] lius e yphoresis of 
was 2.8 gm. per 100 liselius electrophoresis Of function. Urinalysis on many occasions was nor 
the plasma proteins soon after admission on July mal. There was no azotemia. The cephalin floc- § . 
] 95 “monst lo mi evels of alph:z 
14, 1954, demonstrated low normal ape pha culation test was negative. The serum bilirubi: 
und beta globulins and a normal level of fibrinogen 
and beta globulins a 1 normal level o thymol turbidity, and serum cholinesterase were , 
Gamma globulins could not be demonstrated, and alte 
he all luced. Total a: 
the albumin was reducet otal serum proteins 
On Aug. 6, 1954, after 25 days hospitalization, } 
on this date had risen to 3.8 gm. per 100 cc. with : , ' ; 
the patient was discharged. She was free of clin 
1.8 gm. of albumin and 2.0 gm. per 100 cc. globulin ry 
* : ical edema, weighed 9120 gem. (20 Ib. 1 oz.), ar ‘ 
On July 24, 1954, the total serum protein level was 
the serum protein level was 48 gm. per 100 eal 
46 em. per 100 cc. and remained at approximately 
Aa rhe patient was followed in the outpatient clini esp 
this level during her hospitalization : 
; 2 and when seen at 10 months of age she was free | 
Striking changes in the patient’s weight occurred , 2 
, of symptoms other than some pallor. There w: on 
as the serum proteins increased in concentration TI 
no hepatomegaly 1e serum tota yrotein leve 
The weight which was 9500 gm. (20 Ib. 14 oz.) = I a 
was 6.57 gm. per 100 cc. with a normal A/G 
on admission, fell to a low level of 8370 gm. ‘, 
The hemoglobin level was 11.6 gm. per 100 
(18 Ib. 7 oz.) during the first six days of obser : i 
[here was a rather striking lymphocytosis noted 
vation. The obvious edema disappeared, and the ' ; 
at this time en! 
output of urine was distinctly increased 
7 Because of the very low gamma-globulin lev. 
A dietary balance study to evaluate the over-all 
2 found early in the course of this girl’s illness : 
; metabolism of nitrogen, fat, phosphorus, and i . 
- attempt was made to evaluate her ability to pro- | R 
potassium was begun on July 20, 1954, the eighth 
. duce antibodies. Two attempts to repeat the sma 
hospital day, and was continued for a period of 
pox vaccination at the site of the previous primary 
three di * results o study are to be . . - 
hree days. The results of this stud; vaccination, after edema had disappeared, failed | \ 
discussed later to produce any reaction. A third vaccination re l 
lhe hemoglobin concentration at the time of sulted in a typical immune reaction. Her seru ® Asci 
admission was 7.8 gm. per 100 cc. During the was found to contain normal concentrations of 9 nde 
first 10 days of hospitalization, the hemoglobin tetanus and diphtheria antitoxin, and Hemophil gn 
fell to 4.9 gm. per 100 cc., owing in part to the pertussis antibodies. The Schick test was negative and 
repeated blood loss necessitated by many laboratory The serum mucoprotein was 0.20 mg. per 100 « = serui 
studies. During this time, the platelet counts were The blood type was O CDe/cde M/M. with bot glob 
normal and a moderate lymphocytosis was found Anti-A and Anti-B agglutinins present em 
in studies of the leucocytes. The erythrocyte MCV At one year of age, the patient was free of with 
was reduced, as was the MCHC. On July 20, any symptoms. She weighed 9900 gm. (21 Il ’ were 
1954, the serum iron level was 32.ly per 100 cc., 12 oz.) and was 748 cm. (2914 in.) in lenet ind 
the serum copper level was elevated, and the free Her diet and appetite were excellent. Laborato redu 
erythrocyte protoporphyrin 33.2y per 100 cc. studies showed only a slight lymphocytosis and ; mt 
The total iron binding capacity of the serum was hemoglobin level of 10.6 gm. per 100 cc 4 rt 
reduced to 221) per 100 cc A bone-marrow At 16 months of age ( March 22, 1955) she be | | otl 
aspiration biopsy was obtained and revealed normal came acutely ill with hyperpyrexia, and a diffu nitro 
granulopoietic elements and megakaryocytes. The papular rash which became hemorrhagic. She w H vere 
erythroid elements were remarkable in that it was hospitalized. A diagnosis of meningococcemia was m X-Ta 
impossible to identify any specific normoblastic made, and confirmed by bacteriologic studies of t! rt 
hyperplasia which is to be expected in infants blood and skin lesions. Her response to theray ; dit 
with iron depletion. A normal number of plasma _ of penicillin, sulfadiazine, and hydrocortisone w vell 
cells were found in the marrow specimen prompt, and she was discharged from the hospit ; Ins 
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nine days. Serum protein studies, including 


trophoretic analysis, were normal 
uring the remainder of her second year, the 
ent continued to enjoy good health except tor 
codes of acute respiratory disease. These im 
ms were of short duration and produced no 
At 2 vears of age, she weighed 13.3 kg 
The 


normal, the hemoglobin level 


lae 
serum 
12.7 


was 


was 87.5 cm. in length proteins 
gm. per 


- the cholinesterase elevated 
75ApH) 
At the 


wes be 


serum 


present, at 27 months of age, she con 


free of symptoms. Recently her 


tein metabolism has been further studied after 


intravenous administration of a dose of 
elled phenylalanine 
2—This Caucasian boy was born at term 


17, 1954, 


was 


ASI 
May 


elivery. He 


after a normal pregnancy and 


first seen by us at 6 months of 


e because of facial swelling, pallor, and irritabil 


lhe history revealed that he had enjoyed good 


ealth until 4 months of age, except for a mild 
respiratory infection at 2 weeks of age. The diet 


ul been excellent, and was taken well. At four 
had experienced a severe respiratory 


the 


onths, he 
followed by appearance 


the 


nfection which was 


poor appetite and swelling about eyes 


\pplication of an ointment to the eyelids was 


some temporary improve 


ought to have caused 
ent, but the swelling was even more marked by 
514 months. With the reappearance of the factal 
swelling, the irritability and refusal to take feed 
and occasional 


this 


gs increased. Some vomiting 


liarrhea stools were noted during two-week 
period prior to hospitalization 

When 
17 Ib. 4 oz.), was pale, and markedly edematous 


seen at 6 months, he weighed 7850 gm 


\scites was present. No hepatomegaly could be 


lentified. The serum total protein level was 2.6 
100 


globulin 


with 1.7 gm. albumin per 100 cc 
100 cc. Study of the 


electrophoresis 


gm. per 


ud 09 gm per 


serum by  Tiselius revealed all 
globulin components to be uniformily reduced. The 


emoglobin concentration was 5.0 gm. per 100 cc, 


with 13,500 leucocytes per cu. mm., 61% of which 
were lymphocytes. The serum iron, and copper, 
nd iron binding capacity of the plasma were all 
reduced. The free erythrocyte protoporphyrin 


mtent was elevated 
Addis count, thymol turbidity, 
blood 


rogen, blood sugar, and serum electrolyte studies 


Che urinalysis, 


rothrombin time, serum cholesterol, urea 


were all normal. No abnormalities were seen in 
rays of the chest, abdomen, and entire skeleton 
The patient was fed a normal diet for age in 
ldition to milk. This taken 
vell. While he was being observed, the total pro 


100 in 


homogenized was 


ins rose to 3.6 gm. per one week 


During this time he lost nearly 1800 gm. (4 Ib.) 
of body weight 

After one week of study, the patient was trans 
ferred to another hospital where he was observed 
further. Twelve davs after being seen by us 
initially, the total serum protein level was 4.3 gm 
100 had 
the patient was eating well 
had fallen to 4.0 gm. per 100 c« reticulo 
20% After had dis 


appeared, the liver edge was palpable 2.0 cm. below 


per Edema largely disappeared, and 
The hemoglobin level 
and the 


cyte count was the ascites 
the costal margin 

While the 
(40 to 50 


concentration 


hemoglobin level remained very low 


100 cc.) 


rise, 


gm. per the plasma proteim 


continued to reaching a level 
in 10-day 


The patient was given iron medica 


of 5.0 gm. per another period 
of observation 
tion orally, starting on the 20th day of observation 
There was a prompt and optimal reticulocyte re 
sponse and subsequent rise of the hemoglobin level 
to 104 100 ce 


After 34 days of hospital observation the patient 


zm. per 


was discharged but readmitted after 5 days because 


infection. At 


of a moderately severe respiratory 

the time of readmission, the serum protein level 
was 635 gm. per 100 cc. and the hemoglobin 
10.4 gm. per 100 cc. Response to symptomatx 
therapy was satisfactory. He was discharged from 
the hospital the sixth day and has been lost to 
subsequent follow-up study 


Case 3.—This Caucasian girl was born on March 
1, 1955, after normal pregnancy and labor 
She weighed 2500 gm. (5 Ib. & oz.) at birth 


During the first week of life, the child cried ex 


cessively. On the seveuth day, she had a general 


ized convulsion 1ated with a 
of 106 F. The 


period of seven 


temperature 


patient was hospitalized ior a 


days and was thought to have 


had severe gastroenteritis. Treatment consisted of 
parenteral fluids and antibiotics 

\ number of formula changes were made dur 
ing the two-week period following discharge fron 
the hospital because of diarrhea and failure to take 
well. At 


persistent 


feedings one month of age an unusual 


degree of erving and irritability began 


The patient was said to cry 10 to 14 hours 
had 


2 months 


again 


without interruption. During this period she 


five to seven small soft stools daily. At 


of age, she began to regurgitate small amounts 


of each feeding 


At 9 weeks of age, she was seen for the first 
time in the University of California at Los 
Angeles Clini The history revealed that she 


was the only child in this family, and both parents 


were living and well 


On physical examination, it was found that the 


patient weighed 4800 gm. (10 Ib. 9 o02.), was 
59.1 em. (23% in.) in length. No abnormalities 
were evident. The liver was not considered en 
larged 
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For a period of four weeks she was treated 
only with small doses of sedatives. These pro 
duced significant symptomatic improvement. When 
sedation was not given, extreme irritability was 
present. A neurologist failed to find any abnor- 
mality. The electroencephalogram was not re- 
markable. The urinalysis was normal, and at 3% 
months of age, the hemoglobin level was 7.4 gm 
per 100 cc. Two weeks later, the hemoglobin had 
fallen to 5.8 gm. per 100 cc., the reticulocyte 
count was 2.5%, and the leucocytes and platelets 
were normal 

There appeared to be no obvious explanation 
for the rapidly developing anemia at this age. A 
bone-marrow aspiration was performed and _ re- 
vealed only a moderate reduction in erythroid 
precursors. The patient was hospitalized at 4% 
months of age for study. She had continued to 


be very irritable. She passed five to seven small, 
foul stools daily and took feedings with some diffi 
culty 

On physical examination it was noted that the 
patient was very pale and facial edema was pres 
ent. The lver edge was palpable 3.0 cm. below 
the costal margin, and the spleen tip 5.0 cm 
below the left costal margin 

Early studies during the patient's hospitalization 
were directed at determining the cause of the 
edema and anemia. The serum total protein level 
was 2.7 gm. per 100 cc. with 1.3 gm. of albumin 
per 100 cc. and 14 gm. of globulin per 100 cc 
liselius electrophoretic analyses of the plasma pro 
teins demonstrated a uniform reduction in the 
albumin and globulin components. Gamma globulin 
was completely absent in the tracings. Fibrinogen 
was present in normal concentration. The hemo 
globin level was 4.6 gm. per 100 cc , the hematocrit 
14.3%, and erythrocyte count 1,940,000/cu. mm 
rhere was a leucocytosis with a distinct lymphocy 
tosis noted. The platelet count was normal. The 
serum iron and copper levels were markedly re 
duced The free-erythrocyte protoporphyrin level 
was elevated. Another aspiration of the marrow 
showed 23% erythroid precursors, a definite in 
crease in lymphocytes, and normal granulopoietic 
elements 

During the first few days of study, a variety 
of diagnostic tests was made; all gave normal find 
ings. These included repeated urinalysis, blood 
sugar, alkaline phosphatase, serum cholesterol, 
serum bilirubin, sulfobromophthalein clearance, 
clotting time, prothrombin time, prothrombin con 
sumption test, blood urea nitrogen, x-rays of the 
skull and entire skeleton, and x-rays of the upper 
and lower gastrointestinal tract with barium and 
air. Findings at protoscopy were normal 

In studying the patient's ability to produce anti- 


bodies, it was found that she was blood type A, 


with an anti-B antibody titer of 1:8. Later in the 
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course of the studies, normal antibody response 
diphtheria and tetanus immunization was demor 
strated 

During her prolonged hospitalization, there was 
no significant alteration in the very low serun 
protein level, but there was some variation in the 
degree of edema. The hemoglobin level fell 
2.9 gm. per 100 cc. A prompt reticulocytosis fol 
lowed the oral administration of iron with a ver) 
remarkable rise in hemoglobin to 11.0 gm. per 
100 cc. in three weeks. The lymphocytosis per 
sisted 

The patient was fed a normal infant diet while 
in the hospital. This consisted of homogenize: 
milk, cereal, vegetables, fruits, and meat. Her 
calculated caloric intake was approximately 130 
calories per kilogram of body weight. In a 
resentative 24-hour period she ingested 10.5 em 
of carbohydrate, 5.8 gm. of protein, and 57 en 
of fat per kilogram of body weight. Owing « 
the many laboratory studies, her hospital dietary 
intake was irregular at times, especially early iy 
the course of her studies. Her weight which was 
7600 em. on admission, fell to 5820 gm. in twelve 
days, and had increased to 6600 gm. at the time 
of discharge. The head circumference increase 
from 38.0 cm. to 39.5 em. during this eight-week 


pe riod 


At 644 months of age, she was discharged fror 
the hospital. Edema and hypoproteinemia were 
still present. The hemoglobin level was 10.5 
per 100 cc. She was eating well and was less 
irritable than when admitted. Iron and vitamin 
supplementation was continued at home 

After 13 days at home, the patient was agai 
examined. Her dietary intake at home had beer 
excellent. She had been extremely irritable, edet 
had increased, and she had had symptoms of 
mild respiratory-tract infection. The patient w 
igain admitted to the hospital for study. The 
serum protein level was 2.3 gm. per 100 cc., ar 
although the patient had continued to take iro 


at home, the hemoglobin was only 9.2 


gm. per 
100 cc. The leucocyte count on admission was 
13,820, with 35.5% neutrophiles, 35.5% Ivmply 
Alpha at 


beta hemolytic streptococci were found in the 


cytes, and 18.0% mature eosinophiles 


nasopharyngeal culture 

On physical examination, the most striking fir 
ing was the facial edema and pitting edema 
the lower extremities. She weighed 7800 gm., was 
69 cm. in length, and the head was 40.0 cm 
circumference. The body temperature was 100 F 
(37.8 C). Slight inflammation of the nasophary: 
geal mucous membranes and tympanic membranes 
was present. Treatment with a triple sulfonamide 
preparation was given, and the symptoms of the« 
mild respiratory-tract disease cleared in the follow 
ing five days. Supplementation with iron medic 
tion was continued in the hospital 
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hospital day, the serum protein level 


free erythrocyte 


were now elevated. She was taking food 


normal, and the protein-bound-iodine 
was found to be 3.6y at this time 


celled phenylalanine was given intravenously, and 


rates of synthesis of plasma protein and ot 
loss from the plasma 

was discharged 
Edema was not evident, there had been 


weight gain, and the plasma total proteim 


reased to 7220 gm 


weighed 9780 gm 


( Dextri-Maltose ) 


omogenized cow's milk 
irs an erythematous papular ras} 
appeared on the 


the wrists and elbows 


When cow's milk was again taken, the skin lesions 


this time, he was unduly irritable and cried nix 
of the time At 15 weeks of age, the mother 
noted periorbital swelling for the first time. A 
physician was consulted who suggested another 
trial of homogenized cow's milk This affected 
the rash adversely and was discontinued This 
formula change did not influence the facial swell 
ing. The hemoglobin level determined at 15 weeks 


f age was reported to be normal 

From 15 to 20 weeks of age, the facial swelling 
increased, irritability and crying became even 
more constant, and the erythematous rasli spread 
During this time he was taking 37 oz. of goat's 
milk and generous servings of lamb, cereal, appk 
sauce, and pears daily. At 16 weeks of age he 
weighed 6900 em. (15 Ib. 3 oz.) and was 63.0 
em. (25 in.) in length 

When first seen by us at 21 weeks of age 
(44% months) he was admitted to the hospital 
for study. His weight was 7400 gm. (16 Ib. 4 oz.) 
The head circumference was 42.0 cm., the chest 
circumference 41.0 cm. The temperature and pulse 
and respiratory rates were normal 

The mtant was markedly irritable and displayed 
an almost constant distressed cry. Abnormal phys 
ical findings were limited to the papular ery 
thematous rash involving much of the face, neck, 
und upper extremities. Generalized edema was 
most noticeable about the eyes The liver edge 


was palpable 2.0 cm. below the right costal mar 


gin 

rhe family history revealed allerg rhunitis 
bronclual asthma, and frequent urticaria in men 
bers ot both the mother’s and father's families 
he patent had one normal male sibling 
vears of age. Ome sibling had died after surgical 
correction ongemtal heart esi il 
« 

the 4 hours im the spits 

rator stuches evealed that the serut prote 
level was 3.2 mg. per 100 cc., with 2.2 em. albumu 
per 100 cc. and 10 gm. globulin per 100) «x 
\ umiort reduction m all globuly omy nts 
was demonstrated by Tiselius electrophoresis hie 
hemoglobin level was 10.0 gm. per 100 , and 
low serum iron and copper levels were found. The 
tree erythrocyte protoporphyrin level was elevated 
Che total leucocyte count was 17,500/cu. n wit! 


45% lymphocytes. The urinalysis, serum cholesterol 
prothrombin time, serum electrolytes, cephalir 


flocculation, thymol turbidity, and cholinesteras« 


activity were found to be normal. An aspiration 
biopsy ot the bone marrow revealed norm ] celluk 
constituents without normoblasti hyperplasi 


\-ray studies of the entire skeleton were norma 

The patient was fed a goat's milk formula. wit! 
lamb, rice cereal, pears, and apple sauce He 
was irritable but ate well. During the 10 days 
in the hospital, his weight remained constant 


On each of the fifth, seventh, and ninth hospital 


Patty 
the th 
28 gem. per 100 cc.; the hemoglobin 8&4 
per 100 ce Again the serum iron was low, 
e serum copper and proto- 
und was less irritable. A nine-day mineral \ a 
nitrogen balance study was performed at we | 
< time nd was tolerated well Total blood ce 
: 
— 
the 
evel was 4.7 gm. per 100 cx The hemoglobin C eae 
was 11.9 gm. per 100 cc. and her weight had t pe 
a 
The patient was seen at weekly intervals in oS 
e outpatient clinic. For the first time she was re a! 
irritable, and gained weight steadily in the ee 
sence of edema. At 8 months of age the total Se 
‘teins in the serum were 5.7 gm. per 100 cc., the Bebe. 
emoglobin 12.0 gm. per 100 cc., and the body aaa | 
eight was 8280 em. The liver edge was no 
nger palpable 
1 
In the following three months, the patient had ares, |, 
nor respiratory-tract infections without com 4 he 
plication or sequellae. At 11% months of age, hae 
- 
and was 72 cm. in lengt! 
She is no longer irritable; there is no hep Se 
tomegaly or edema, and her motor development 
ormal 
Case 4 This Caucasian boy of mces 
was born on June 14, 1955, the product of an lu ae 3 
= 
eventful pregnancy and delivery At 5 days ot 
ge many watery stools were passed al the 2 ee 
rmula was changed from simulated human mill pare 
Similac) to an evaporated milk, water, and a ae 
ohydrate mixture Undue 
rritability and “fussiness” were first noted at Sx 
bout this time. He was seen by a physician aaa 
t one month of age His length was 21! eek 
his weight was 4120 (9 Ib. 1 oz.). He was oe 
somewhat irritable ind another formula change 
\ multiple 
Within 24 
vas noted on 
the flexor sur ie 
faces of soy-bean milk 
substitute wv é was not well tolerated od a 
became more extensive. At 7 weeks of age a ’ 
goat’s milk formula was started. Only minimum oer! 
ange resulted in the extent and nature of the edebor 
rash over the next eight-week period. During 
a 


A, 


r 125 gm. of salt-poor albumin were injec ted 


(total 37.5 gem.) The serum al 
24 em. per 100 cx to 


intravenously 


bumin level rose trom 
$1 gm. per 100 cc. without sigmiicant change 
the globulin concentration, and without detectable 
loss of weight The visible edema, however, di 
minished after the administration of the protem 

The formula was changed to Lanolac on_ the 
seventh hospital day, ind this was taken well 
This torn ula was continued itter discharge from 
the hospital on the 10th day 

rhe patient Was seen at weekly interv ils after 
leaving the hospital One week after discharge, 
the serum albumin had fallen to 3.3 gm. per 100 
cc. and the total serum proteins were 4.3 > gm 
per 100 cc. Three weeks after leaving the hospital 
the albumin level was 2.8 gm. per 100 cc., and 
some edema about the tace was noted The 
hemoglobin was 7.9 em. per 100 ce \ subcuta 


neous injection of 1.0 mg. of pyridoxine was given 
laily for three days and did not alter the clinical 
or laboratory findings 

In a two-month period after discharge trom 
the hospital, there was essentially no change in 
the clinical status of the patient. He slowly gained 
weight and grew but 1.0 em. in length. The total 
serum protein level remained at approximately 
$3 gm. per 100 ce. with 32 gm. per 100 cc 
albumin and 1.1 gm. per 100 cc. globulin. The 
hemoglobin level remained at 7.0 gm. per 100 

The patient was placed on medicinal iron (Fer 
In-Sol, 0.6 ce. qt d.) eight weeks after hos 
pitalization. A reticulocyte response to 7.3% was 
noted on the fifth day, and the hemoglobin rose 
to levels of 11.0 gm. per 100 ce. within three 
weeks. Iron therapy was discontinued after six 
weeks, and the hemoglobin levels have remained 
essentially unchanged since that time 

In the two-month period following hospitaliza 


tion, the total serum protein levels rose to levels 


between 5.1 to 5.3 em. per 100 cc. where they 


have remained to date 


Comment on the Clinical Findings 

Two of the patients were boys, and two, 
girls. Each was born after an uncomplicated 
pregnancy at a normal birth weight. The 
birth order was variable. One patient (Case 
3) experienced a severe illness during the 
second week of life. A second patient de 
veloped skin allergy in the second month 
of life (Case 4). The other two infants 
were well until the onset of the irritability 
and edema. Marked irritability and some 
mild gastrointestinal disturbances were the 
earliest symptoms in the course of each 
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infant. Kdema in the periorbital regior 
heralded the onset of recognizable diseas 
in all patients. Because of these symptoms 
three of the children had numerous changes 
of formula, none of which improved the 
symptomatology more than temporarily. In 
no patient were the digestive symptoms 
severe or prolonged to the point where im 
paired nutritional status should have been a 
concern. Linear growth continued close to 
previously established rates. By the time 
edema became evident, cach child was well 
established on a diet of pureed infant foods 
in addition to the milk formula. Each child 
had received dietary iron and complemen 
tary protein from pureed meats. All had 
received multiple vitamin drops daily from 
early infancy. [ood intake and _ retention 
was commensurate with age in each child. 
Pallor was evident as soon as edema ap 
peared. In three patients this pallor was 
associated with low levels of circulating 
hemoglobin concentration at the time these 
children were first seen. In the fourth pa 
tient, after normal hemoglobin _ levels, 
anemia developed during the period of 
study. The edema in each child was of 
such degree that the nephrotic syndrome was 
suspected at the initial clinic visit. Protein 
uria was never found, in spite of repeated 
attempts to demonstrate protein in the urine 
of all the infants. 

Each patient was hospitalized shortly 
after the first clinic visit because of the 
irritability, gastrointestinal symptoms, and 
pallor. In general, a reduction of marked 
and proportional degree of plasma albumin 
and all globulin fractions was revealed in 
studies of the plasma proteins. By the usual 
hospital tests, no insight was gained into th 
mechanism responsible for these reductions 
Intestinal malabsorption, hepatic and renal 
dysfunction, and caloric deprivation could 
not be demonstrated. In three patients mod 
erate degrees of hypochromic anemia wet 
present at the time of first observation dur 
ing the illness. In the fourth the anemi 
appeared slowly during the first three week 
of observation. In all patients the anemi 
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ume severer as time passed but did not 
ar to be responsible for any significant 

\ptoms. 

Signs of recovery appeared shortly after 

nission to the hospital in the first patient 

served, who was also the oldest at the 

© of onset (Case 1). Weight loss ac 

mpanied by rising serum proteins and 
lisappearance of irritability occurred dur- 
ng the first week of hospitalization im this 
child. Recovery was evident in all patients 
between the seventh and ninth month of 
life. The patients (Cases 1 and 2) whose 
onset of disease appeared at age 7 months 
ind 6 months, respectively, displayed the 
shortest intervals between onset of symp- 
toms and time of recovery. The patients in 
cases 2 and 3 recovered at approximately 
the same age, but, commensurate with the 
earliest onset, they displayed a more pro- 
tracted period of symptoms. 

The appearance of hypoproteinemia and 
anemia as a result of inadequate or im- 
proper diet seemed unlikely in these infants, 
whose linear growth rates were normal 
when symptoms first appeared. Evaluations 
of measurements of body weight were al- 
ways in doubt because of the presence of 
edema; nutritional status could not be esti- 
mated from this measurement. The degree 
of digestive upset described by the parents 
did not seem to justify a diagnosis of mal- 
nutrition due to decreased intake, vomiting, 
or intestinal malabsorption. A meticulously 
detailed dietary history was obtained from 
each child’s parents in an attempt to find 
a single brand of prepared infant food or 
formula common to the entire group. This 
ittempt failed. It was felt, however, that 
a period of observation of the infant's feed- 
ing habits under more objective conditions 
than seemed home was 
necessary to confirm this point. In the hos- 
pital each child was fed the same milk for 
mula and the same diet of pureed foods that 
In general, the 


pe ssible the 


he had received at home. 
same feeding schedule was maintained. The 
amounts of food retained were accurately 


recorded. The intakes of these children in 
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terms of calories, protein, minerals, vita 
mins, and variety of food during the period 
of hospital observation were considered 
within the limits of normal when calculated 
according to tables of food values. Although 
it was obvious that the digestive upsets were 
real, no vomiting or diarrhea of more than 
a mild degree was observed. 

Each baby was very irritable during the 
first several hospital days, but this symp 
tom promptly improved greatly or disap 
peared entirely without specific therapy. The 
degree of irritability did not seem to be 
related to the severity of the hypoproteine 
mia or anemia, or to the amount of in 
digestion present. 

Anemia was present when three of the 
four patients were first seén with complaints 
of edema, irritability, and pallor. The first 
three infants were 1, 4, and 7 months of 
age, respectively. The 
41, months of age when seen with these 


fourth infant was 


complaints, and the hemoglobin level was 
only minimally reduced at the time of his 


Anemia of severe de 


initial examination 
gree developed rather rapidly during the 
subsequent The 
onset of swelling, irritability, and pallor was 
fourth patient 


period of observation. 


insidious. Except the 
(Case 4) there was no way of determining 
what the time relationship might have been 
regarding the development of anemia, hypo 
proteinemia, and the primary symptoms. 

The most prominent clinical finding re 
lated to the anemia was the presence of 
extreme pallor. The pallor was due in part 
to the striking edema present in each pa 
tient, and could not be well correlated with 
the hemoglobin level alone. 

Irritability was a prominent part of clin 
ical findings in these four patients and is 
a common finding in infants with anemia 
due to any cause, particularly when the 
The 
degree of irritability in these patients was 
other anemic 


anemia results from iron depletion. 
marked than seen in 
It did not appear to be influenced 
The patient in 


more 
infants. 
by the hemoglobin level. 
Case 4 demonstrated marked irritability for 
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several weeks prior to any evidence of 
anemia. 

\ notable finding in each of the four 

patients was the persistence of a vigorous 
ippetite in the presence of marked irri 
tability. In each instance the infant had 
enthusiastically taken an optimal diet prior 
to the onset of symptoms and continued to 
do so during the course of his disease. Iron 
supplemented cereals, pureed fruits, vege 
tables, and meats were taken well in addi 
tion to milk. It was impossible to find any 
aspect of the dietary histories which would 
indicate that any one of the patients failed 
to ingest amounts of the nutrients required 
for hematopoiesis which are normally ade- 
quate at this age. That the ingested nutri 
ents could not be assimilated because of 
some gastrointestinal disorder was not sug 
gested by the clinical findings. 

Chere was no evidence from clinical find 
ings that the anemia was the result of 
excessive destruction of erythrocytes or loss 
of blood. Icterus was never observed. The 
color of the urine and stools was never 
suggestive of increased excretion of bile 
pigments or loss of hemoglobin. Slight en 
largement of the spleen was observed in one 
patient on one examination. At other times 
ind in the other patients, the spleen could 
not be palpated. The histories did not re 
veal any evidences of gross blood loss. De 
livery of the mother had been uncomplicated 
in each instance, with nothing to suggest 
infant blood loss at the time of birth. None 
of the patients had been born prematurely. 


pH 


Serun Thymol Zn Ceph-C hol BSP 
Case Cholin Floccula Reten 
esterase Units Units tion tion 


$ 0.27 1 0@ 
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Clinical evidences of bone-marrow failur: 
other than inadequate production of hem: 
globin were lacking. Undue susceptibility 
to pyogenic infection, which might suggest 
agranulocytosis, or small-vessel bleeding 
suggesting thrombocytopenia were never 
observed. 

These preliminary observations suggested 
some internal derangement in protein me 
tabolism was present in these infants. Ex 
tensive laboratory studies were undertaken 
in an attempt to define the abnormality 


more completely. 


Laboratory Studies and Results 


Liver Function.—Since the liver is th 
principal site of plasma protein formation, 
attempts were made to demonstrate altera 
tions of other of its functions which would 
implicate abnormal metabolism of hepatic 
cells. Clinical evidences of liver disease 
such as jaundice, acholic stools, and massive 
hepatosplenomegaly, were uniformly absent 
Each patient, however, had a palpably en 
larged liver after the onset of symptoms 
The enlargement persisted during the activ: 
phase of the disease, and disappeared after 
recovery. It is possible that this enlarg: 
ment represented fluid accumulation within 
this organ. Hepatic tenderness was not 
demonstrated. Several minor indications of 
abnormal liver function were demonstrated 
in the group and are summarized in Table 1 
In no single case could these tests be inter 
preted as indicative of definite evidence of 


a significant clinical hepatic disorder, al 


1—Summary of Liver Function During Acute Phase of Tiin 


Total Cholest Bil | Tota 
Cholest Ester Prothrombin rubin Lipid 
Me 100 Me /100 Me 100) (Me 10 

MI M! Activity Mil MI 
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igh in Case 2 the number of studies 
formed was inadequate. Seroflocculation 
4s are known to be dependent on protein 
stituents of the plasma. Despite the low 
ng of all plasma protein fractions, sig 
fcant alterations of these tests were not 
found 
Visible lipemia was apparent in the sera 
two patients. Cholesterol concentrations 
these serum specimens were normal or 
ghtly elevated for infancy Total lipid 
entration was normal in one of these 
ecimens. The lipemic appearance of the 
rum was thought to be the result of an 
iItered fat to protein ratio, due to the hypo 
rotememia 
lwo of three patients studied were found 
have abnormally low activities of serum 
holinesterase during the hypoproteinemic 
ohase of their disease. Since this test has 
been shown to correlate well with general 
iepatic function, and more particularly 
vith protein anabolism, it is tempting to 
speculate that this is evidence that protein 
roduction by the 


Pleisch and Shwachman state that in anemia 


liver was impaired 
the serum cholinesterase values may be low 

children with no evidence of liver dis 
ider.6. The hemoglobin levels of Case 1 
und Case 3 were 7.4 gm. and 4.6 gm., re 
spectively, at the time these low cholines 
rase values were found. Hemoglobin in 
Case 4 was 10.0 gm. at the time the normal 
evel of cholinesterase activity was found, 


low 


the proteins were 


Unfortunately, no test was preformed on 


ilthough plasma 
this patient at the time his hemoglobin level 


vas low. (¢ 3 showed a return of this 


est to normal levels (O.5ApH units) after 


Aas 


recovery from the anemia, but at a time 
total serum protein levels were 
One 


the 


west (2.3 gm. per 100 cc.) 


when 
year 
ifter recovery from the acute phase of the 
ness. and at a time when no other disease 
vas evident, Case 1 demonstrated a mark 
lly elevated level of serum cholinesterase 
The significance of this latter finding awaits 
further clarification. 

Although minor evidence of liver dys 
function was demonstrated in this group of 
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infants, it is not remarkable considering the 
degree of hypoproteinemia present. These 
findings do not eliminate the possibility that 
some primary hepatic abnormality is re 
sponsible for this disorder. In McQuarrie’s 
original description of idiopathic hypopro 
teinemia, the patient was a young child with 
no clinical signs of liver disease other than 
the low level of serum proteins.’ Postmor 
tem examination, however, revealed wide 
spread evidence of noninflammatory liver 
atrophy.* The spontaneous and complete 
recovery of the four patients reported here 
suggest that liver atrophy was not present, 
but a more reversible stage of hepatic cellu 
lar disease could have been primarily re 
sponsible for their disease. Liver biopsies 
were not performed, and thus the hepatic 
histology remains unknown at the present 
time. 

Adrenal Cortical Function.—_-An excessive 
action of an adrenal steroid such as 17-hy 
droxycorticosterone is known to result in 
excessive gluconeogenesis from protein and 
high levels of urinary mitrogen excretion 
An attempt was made to evaluate activity of 


the adrenal cortex in three of the patients.7 


Case 3 excreted normal levels of urimary 
17-hydroxycorticosteroids during the bal 
ance period reported elsewhere in_ this 
paper. In addition, at another time, the 


these compounds was detet 


the 


excretion of 


mined after intramuscular administra 


tion of 25 I. U of adrenocorticotropic 
hormone. A three-fold increase in the 24 
hour excretion of 17 hydroxycorticosteroids 
This finding would indicate nor 


the 


resulted. 
mal responsiveness of adrenal cortex 
Although the 
100 ce. of 
when no exogenous adrenal stimulation was 
of the blood 


injection of adrenocorti 


blood contained only 2.78, 
steroids 


per 17-hydroxylated 


a normal response 


present, 
steroid level to the 


cotropin could be demonstrated.® Four 

+ The urimar\ 17-hvdroxveorticosteroids were 
determined by the method of Reddy Blood 17 
OH corticosteroids were determined = by the 
method of Nelson and Samuels Urinary 17 


ketosteroid excretion was measured by the method 


thers.* 


ot Drekter and 


rare 
Bs 
=. 
ts 
1 
>>” 


1M 


corticotro 


hours after injection of 25 I. 
pn (ACTH) 


17 hydroxycorticosteroid level rose to 47.7 


intramuscularly, the blood 
micrograms per 100 cc. The patients in 
Cases 1 and 2 also excreted normal amounts 

during 
No tests 


of response to adrenal stimulation were per- 


of urinary 17-hydroxycorticoids 


their periods of hypoproteinemia. 


formed on these patients, and the evaluation 
of adrenal function in these two children 
cannot be considered complete. 

Urinary 17-ketosteroid levels were nor- 
mal for the infancy period in these three 
patients. The results of the steroid studies 


are summarized in Table 2. It is our feeling 


Taste 2.—lU'rinary Steroid Excretion During 
Hypoproteinemia 
17-OH Corticoster- 17-Ketosteroids 
Date oids 
(1954) (Mg. per 24 Hr Meg. per 24 Hr) 
2.5 0.3 
8-20 24 
9-21 2.1 03 
9-22 0 0 
Case 3 9.23 2.1 0.35 
9-24 2.3 9.23 
9-24 1.8 0.25 : 
9-26 2.3 0-23 
on 0.18 
Case 2 1.44 
11-28 0.74 ie 
Case 7-24 1.80 


that adrenocortical hyperfunction could not 
be implicated in the etiology of this syn 
drome. 


Protein Fractionations—In all patients 


the total serum proteins were low, as meas- 


ured by standard clinical laboratory 


techniques."* In addition, chemical frac 
tionation methods demonstrated that both 


the albumin and total globulin fractions 


were depressed. In all patients the plasma 
remained normal. 


albumin/globulin ratio 


228 


The actual values for each patient are tabu 
lated in Table 3. 


TABLE 3 


Studies of Plasma Protein 


Concentrations 


Case 1 


Case 3 


10-17-55 
10-26-55 
10-20-55 
"10-20-55 
10-30-55 


Case 4 10-31-55 


ll- 1-55 


2-55 


3-55 


47 


Albumin Globulin 


ig 1.1 

21 07 
1s 1.70 
$.2 4 
3.7 11 
4.0 2.6 
44 “3. 
3.6 34 
43 3.6 
34 3.0 
32 
41 20 
13 1.4 
2.3 
2.5 ‘07 
2.3 
"2.0 

24 0 

20 1.0 
1.7 0.6 
19 0.9 
3.2 15 
“3.6 21 
2.1 1.0 
22 1.0 
24 12 


(Albumin 12.5 gm, IV) 
3.0 1.2 
(Albumin 12.5 gm. IV) 


3.6 1.1 


(Albumin 12.5 gm. IV) 


41 1.2 
3 3 13 
28 14 
3.1 1.2 
2 
3.0 1.2 
‘28 "20 
3.2 18 
1.7 09 
3.1 0.5 
3.7 0.39 
3 85 1.15 
4 05 2.3 
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lectrophoretic analyses of the plasma 
teins demonstrated a remarkable simi 
ty of the protein patterns in each infant. 
abnormalities of each patient studied 

the active phase of the process included 
pression of levels of albumin, alpha, 
| alphag globulins and gamma globulins. 
\lbumin and globulin fractions appeared 
be present in approximately one-third of 
normal concentration. The plasma protein 
pattern as determined by Tiselius electro- 
phoresis in Case 1 is illustrated in Figure 


A 


Fig. la—Electrophoretic pattern. Tracing of 
liselius electrophoresis of plasma of patient in 
Case 1 while hypoproteinemic. Albumin and _ all 
globulin fractions are depressed. Fibrinogen con 


tent is normal 


Fig. Ib This speci 


en was taken two months after the specimen 
shown in Figure la. The electrophoretic pattern 


Electrophoretic pattern 


t this time is entirely normal 


la and is typical of all patients. Figure 1b 
demonstrates the return to a completely nor- 
mal pattern two months later. It was of 
interest to discover in these patterns that 
little or no gamma globulin was detectable. 
There had been no clinical evidence to sug 
gest that any of these infants had experi 
enced an unusual susceptibility to infection 
or demonstrated any inability to recover 
from the minor infections they had experi 
enced. Further consideration of this point 
suggests that the depression of gamma 
globulin concentration is merely propor 
tional to similar depressions of other protein 
fractions. Levels of gamma globulin below 
ipproximately 100 mg. per 100 cc. are not 
usually detected by either paper or free 
lectrophoresis.'* In addition to the Tiselius 


fractionation shown in Figures la and Ib, 
paper-strip electrophoresis was performed 
and yielded similar findings. In contrast to 
the lowered values of the albumin and 
globulin fractions, it is of interest that the 
fibrinogen content was not regularly de 
pressed to this same extent. No immediate 
explanation for this finding is available, 
and it appears that cither fibrinogen turn 
over has not been affected or that compen 
sation of either the production or the 
destruction rate has occurred. 

Immunity.—The recognized importance 
of the gamma globulin fraction of the 
plasma as a factor in the normal immune 
mechanism prompted investigation of this 
aspect of the problem in the infants under 
discussion. All patients showed a virtual 
absence of gamma globulin when tested 
with either paper or Tiselius electrophoresis 
The normal infant shows decreasing con 
centrations of this antibody-containing 
plasma protein fraction from birth until the 
third month of life. After the third 
month, the concentration of this plasma 
protein fraction as well as others, increases 
at a steady rate. Recent evidence suggests 
the normal infant produces little of its own 
serum protein early in life, and this may 
be the reason for the normally decreasing 
serum protein concentrations.~— Orlandini 
and others recently reported that the con 
centration of circulating gamma globulin in 
13 infants age 3 to 6 months was 0.392 
0.09 gm. per 100 ml., while total globulin 
levels were 2.15+0.21 gm/100 ml."® It is in 
the age group of two to three months that 
these concentrations are lowest in the normal 
infants. All infants in this study had passed 
this period of physiologic low concentration 
of plasma protein when signs of edema first 
appeared. 

Although the gamma globulin levels have 
not been measured chemically im our pa 
tients, the virtual absence of it in electro 
phoretic patterns indicates that less than 
0.1 gm/100 ml, was present. The gamma 
fraction in Orlandini’s series represented 
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approximately 590-8o otf the total protein 
content and roughly 14° °-22% of the total 
globulin fraction. Since more sensitive di 


rect chemical measurements of gamma 
globulin were not available to us, it was not 
surprising that gamma globulin was _ not 
detected at the low levels of total protein 
ind globulin exhibited by our patients. lor 
this reason, an attempt to find specific anti 
bodies was made, taking advantage of the 
more sensitive immunologic — techniques. 
With these methods it was possible to dem 
onstrate that certain immune bodies which 
are usually in the gamma fraction, were 
present in each patient. A summary of the 
immunologic tests performed on our pa 


tients is given in Table 4. 


Tarte 4 


Schick Test 9-17-54 Negative 


Antibodies Tx 
(Blood Type oO 


AB Cells Agvlutinates 


A & B cells 


Diphtheria 0.1 U/ml 


Petanus 0.1 


Pertussis 


Vaccinatio 4-20-54 
Immune reaction 


V 
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against type B cells were present in a dilu- 
tion of 1:8. 

Schick tests were applied to three pa 
tients. Case 1 had been given three injec 
tions of diphtheria, pertussis, and tetanus 
antigen in a customary fashion several 
weeks before the illness began. The child 
was Schick tested after the electrophortic 
pattern had returned to normal, approxi 
mately two months after the height of her 
illness. No response was elicited from th 
skin test. Serum levels of antitoxin at this 
time showed protective levels against diph 
theria and tetanus. Pertussis antibodies 
were also present. No antigenic stimulatior 
was administered between the hypopro 


Jmmunology 


7-19-55 Negative Neg 
9- 1-55 Positive 
11-28-55 Negative 


Anti-A Negative 
Anti-B 1s 


9- 1 0U/m! 
9-27 0.009 


11-28 0.03 U/ml 


9. 1 0 
9-27 0.3 U/ml 
11-28 1.0U ‘ml 


9 1 1:32 
9-27 1:16 
11-28 


* These studies of antibodies to diphtheria, tetanus, pertussis, and typhoid were made by the Cutter La oratories, Berkel 
I 


Calif., courtesy of Dr. E. B. McLean 


[wo of the patients in this series were 
tested for blood-grouping antibodies in the 
serum. Each showed normal ability to 
agglutinate red blood cells of known major 
blood groups. One patient (Case 1), whose 
major blood group was ©, demonstrated 
serum antibodies against type A and B red 


blood cells 


The patient in Case 3 was de 
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teinemic period and the time of testing 
This does not indicate that protective level 
of antibody were present during the hypo 
proteinemia, but demonstrates that as new 
protein was formed, the ability to continu 
producing antibody from an earlier stimulus 
was retained. 


Nine months after recovery from. th 


termined to be blood group A; antibodies 
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however, a 


INSJENT 


oproteinemia, this child developed ful 
iting meningococcemia. In spite of a 
al picture of profound shock and septic 
rosis of large areas of skin, she recov 
| in a short time with the aid of anti 
and steroid therapy. Electrophoretic 
lysis of the plasma proteins at the onset 
the sepsis revealed normal levels of all 
ponents including gamma globulin. 
he patient in Case 3 had received no 
unization at the time of her first Schick 
test. There was no reaction to this test, 
ndicating clinical immunity to diphtheria. 
[his is not unexpected, since she was only 
} months old at this time. One month later, 
second test resulted in a positive 
skin reaction, suggesting she had lost her 
passively acquired immunity. Serum anti 
dies against diphtheria and tetanus could 
not be demonstrated at this time. An injec 
tion of diphtheria-tetanus fluid toxoid was 
then given. Two weeks after this injection, 
, small amount of diphtheria antitoxin and 
1 moderate level of tetanus antitoxin were 
letected in the serum. After a second in 
ection of this combined antigen, the Schick 
test again became negative. During the 
period of these observations, several electro 
phoretic patterns demonstrated that no 
gamma globulin was detectable by this 
method. The total serum protein level was 
falling during this time when the child was 
forming antibodies. This observation sug 
gests that the protein defect in this infant 
vas associated with a rapid degradation of 
serum immune proteins, rather than with a 
lecreased rate of serum immune protein 
formation 
The patient in Case 1 was successtully 
vaccinated against smallpox before the onset 
hypoproteinemia. Several attempts to 
evaccinate this child after edema had sub 
led after recovery from her illness were 
insuccessful for unknown, reasons, but 
entually an immune reaction was ob 
served. Studies by others have shown that 
atients developing complications to vacct 
ition often have low serum levels of 


nma_ globulin.'® It was therefore felt 
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unwise to vaccinate any of these children 
during the period of hypoprotememia 

These studies do not justify any broad 
conclusions concerning the relationship ot 
immunity to the concentration of circulating 
total gamma globulin and other globulin 
fractions known to contain immunologic 
activity. The virtual absence of gamma 
globulin from the serum as demonstrated 
by electrophoretic analysis was not accom 
panied by a loss of immunity in these in 
fants. addition to the laboratory 
demonstrations of immune bodies, the clim 
cal observation was made that these patients 
were relatively free of infection. Two of 
the patients had older siblings that may have 
provided exposure to infection in their 
homes. All patients were hospitalized for 
periods up to two months and were pro 
tected by the usual infant-ward precautions 
against cross infection. Although respira 
tory-tract infection was observed, neither 
prolonged nor severe reactions to it wer 
present. The female infants were subjected 
to catheterization for quantitative collection 
of urine during metabolic studies of several 
days duration. Bacterial infection of the 
urinary tract, commonly seen under these 
circumstances in normal infants, did not 
result. A diagnosis of congenital agamma 
globulinemia was not made 

Over-All Nitrogen Balance.—The diag 
nostic procedures used in the initial study 
of the patients failed to identify a bast 
abnormality responsible for these patients 
clinical findings. Renal or hepatic diseas 
in the usual sense, had been excluded as a 
cause of their diseas« The over-all nuts 
tional state of these infants was good, and 
the wasting and growth failure usually seen 
before nutritional hypoproteinemia occurs 
was absent. The stools did not appear ¢ ither 
large or foul. Steatorrhea and azorrhea 
were not evident clinically. To support o1 
refute these clinical findings, it was felt that 
a precise investigation of nitrogen absorp 
tion and utilization would be essential 

The nitrogen absorption and utilization 


data were obtained by metabolr valance 
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studies on the two girls. Quantitative anal 
yses were made of the dietary intake and 
the stool and urinary excretion of nitrogen, 
potassium, and phosphorus. 

During the study periods, the infants 
rested on specially constructed frames. In- 
dwelling catheter insured quantitative col- 
lection of all urine. Carmine or charcoal 
was fed at the beginning and end of each 
study period to aid identification of stool 
specimens by periods. Each infant was fed 
a liquid milk preparation only. The milk 
preparation was adjusted in content in order 
to supply adequate caloric and nitrogen in- 
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there is no question that the balance study 
was performed on this child early in the 
recovery phase. 

Simultaneously with the last two days 
f the three-day balance period, 150 mg. of 
N'-labelled glycine was fed. Results of 
this isotope study are discussed in detail, 
elsewhere.!® 

Table 6 describes in detail the oral intake 
and the urinary and fecal excretion of nitro 
gen, potassium, and phosphorus by _ this 
patient. Although there had been spontane 
ous and precipitous loss of edema fluid in 
the week preceding the study (Fig. 2), the 


TABLE 5.—Composition of Diets for Balance Studies 


% Composition 


Pt Body Wt 
Case (keg 
Carbohydrate | Protein Fat 
1 5.32 3.06 3.56 
$ 78 4.7 3.96 3.70 


take in that amount of formula each child 
would take in “demand” feedings ( Table 
5). A preliminary period of one week was 
allowed under conditions identical to the 
test period. Collections were begun only 
after it was apparent that the test diet was 
well tolerated, and a_ reasonably stable 
metabolic state had been attained on the diet. 
The diets and the urine and stool specimens 
were analyzed in the laboratory for their 
content of nitrogen, phosphorus, and potas- 
sium.§ Fat content was measured in one of 
the studies. Caloric values were determined 
by calculation using standard caloric value 
charts. 


Results of Balance Studies 


Case 1.—Almost immediately on admis- 
sion to the hospital for studies, diuresis, 
weight loss, and rise of serum proteins 
began. Since this was the first of the four 
patients studied, the interpretation of these 
findings as signs of recovery was made only 
in retrospect. As will be seen in Figure 2, 

§ Nitrogen, potassium, and phosphorus were 


William 


determined in the laboratory of Dr 
Adams 
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Calories Derived from 


Average Nitrogen* 
Calories Me/Kg/ Day 
Carbohydrate Protein Fat Ke/Day* (AV 
32% 22% 165% s4 74.5 
19% 23% R% 117 76.4 


weight remained constant over this three 
day balance period. The caloric intake dur 
ing the study was below a desirable level 
for an 8-month-old child. A total of 2240 
calories was ingested during this three-day 
study. Since no attempt was made to limit 
the milk intake, the amount ingested was 
determined by the child’s appetite. The pro 
tein intake, however, was judged to be 
adequate. The formula fed this infant was 
undiluted homogenized milk. 

Since the protein intake of normal in 
fants is derived largely from milk, it is not 
surprising that this discrepancy of caloric 
and protein intake exists here. Ordinarily, 
pureed foods which are relatively low in 
protein content supplement the caloric in 
take of the infant at this age. As stated 
previously, this type of mixed diet was the 
usual fare of this infant, but, because of 
the technical difficulties involved in the use 
of solid type food in balance-study measur 
ments, it was decided to use milk as the 
only food during this study. 

On each day of the study, the nitrogen 
balance remained positive; that is to say 
the protein nitrogen intake was greater tha: 
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the combined urinary nitrogen and the aver 


re fecal nitrogen (Table 6). On the first 


ag 
day. when the caloric intake .was 110 cal 
ories per kilogram, the nitrogen intake was 


The 


of the low 


than the output 


considerably greater 
criticized because 
calor but 
be drawn in spite of this shortcoming. It 
that the 
the result of 
protein intake or over-all negative balance 
for any The 
rate of the child would tend to substantiate 


study is to be 


intake, certain conclusions can 


would appear hypoproteinemia 


could not be either deficient 


reason. continuing normal 


this conclusion. 

It would appear from this study that the 
absorption of protein was normal, since 
only 4% of the ingested nitrogen appeared 
in the stool. In contrast to this, 21% of 
the ingested fat was present in the fecal 
The significance of this finding ts 
not clear. The 
dds further to the caloric inadequacy of the 
diet 


The retentions of potassium and phos 


content 


inefficient fat absorption 


phorus measured — simultaneously 


with those of nitrogen. Although the period 


were 


of study was too short to justify critical 
evaluation, it would appear that these min 
rals were retained in approximately the 
same degree as would be expected for the 
formation of new tissue.*° 

The balance study 


Case 3 performed 


on this child was at a time when moderately 


severe edema was present. Although an 


attempt to reduce the edema had been mack 
by providing an intake of sodium lower 
than that of undiluted cow’s milk, the pufh 
The 


a formula which contained only 


ness remained (big. 3) 
fed 
meq of sodium per liter 


patient Was 
14.0 
During the study 
the intake of sodium varied from 1.8 to 2.4 
mkq/kg. of and averaged 
2.1 mEq/kg 


this low-sodium diet for a two-week period 


body weight, 


Since the patient had taken 


preceding the balance measurements, it was 
felt that the necessary adjustments to it had 
The total intake of 
mula was determined by the child’s appetite 
intake 
occurred from day to day, but the calori: 


become stabilized. for 


A moderate variation of volume of 
intake was always above 100 calories per 
The calculated 
104 to 


ories per kilogram, and averaged 117 cal 


kilogram of body weight 


caloric intake varied from 133 cal 


ories per kilogram per day 


23% of 


\pproximately 


these calories was derived from 


cow's milk protein, insuring a liberal protein 
intake (3-4 gm/kg. of body 


weight per 


day). The carbohydrate and fat were pres 
ent in those proportions found in cow’s milk 
(Table 5). As in the preceding study, all 
food was offered in a liquid form, and th 


added 


results on 


usual vitamin 


( Details of the 


supplements were 


balance study 
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hig. Photo taken preceding balance 


study. Note generalized edema 


Case 3 are tabulated in Table 7.) 


During the first four days of « 


lis study 
period, the weight increased 250 gm. The 
urinary output of water remained approxi 
mately 509% of the volume of fluid intake. 
In the last three days of the study, a loss of 
155 gm. of body weight was accompanied 
by a diuresis of 75% to 80% of the daily 
ingested fluid volume. Unfortunately, a 
water and chloride balance study was not 
performed. It seems likely that these rapid 
changes in body weight were the result of 
spontaneous shifts intercompartmental 
fluid balance, such as are often seen in 
patients with hypoproteinemia. 

Although the net change in body weight 
over the eight-day balance period was a gain 
of 135 gm., one cannot assume that this is 
a true gain in body tissue. The fluctuation 
of water balance during the study must be 
considered. The total gain of 6.02 gm. of 


nitrogen during the balance period agrees 
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remarkably well with this net gain in boxy 
weight. However, when Talbot’s factor for 
fat-free and extracellular-fluid-free proto 
plasm is applied (NX 27=Net Change of 
kX. C. fluid-free protoplasm), one finds that 
6.02 * 27 = 162.34 gm.*! According to this 
theoretical calculation, a small net loss of 
body fluid may have occurred. A calculated 
increase in extracellular-free protoplasm of 
162 gm. during a period when only 135 gm 
of body weight was gained suggests a loss 
of edema fluid. 

Urine collections from Case 3 were im 
perfect because of some leakage of urine 
around the catheter early in the = study 
period. The metabolism frame was so con 
structed, however, that the urine was not 
lost; rather, it was collected in the stool 
container. The values reported on this pa 
tient for urinary content of nitrogen and 
minerals on days one through four ar 
lower than the true values. The stool collec 
tion was pooled during the entire eight-day 
study period. Therefore, the total and aver 
age daily fecal content of nitrogen, potas 
sium, phosphorus represents fecal excretion 
plus a small amount of urtne accidentally 
included. This does not modify the final 
over-all balance figures, since urine and 
stool data are added together to give total 
output. It suggests that a fraction of the 
dietary nitrogen greater than that recorded 
was present in the urine during the study 

As would be expected in an unstable state 


of fluid equilibrium, the potassium balanc: 


was erratic. The excessive retentions 0! 
potassium recorded in the early part of the 
balance period may be the result of exces 
sive perspiration which was noted during 
this study. Measured balances of potassium 
are falsely high when sweat losses are not 
considered. As the diuresis of water began 
urinary potassium losses increased. It is 
also possible that the low level of dietary 
sodium influenced tubular mechanisms 
favor potassium loss in the urine. Data 
incomplete on these points, however. 

The over-all balance of phosphorus rt 
mained positive throughout the study jp 
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With the exception of the first day 
1e diuresis, this retention seems propor 
to the dietary intake of phosphorus 


Comment on Balance Studies 


he studies of over-all nitrogen metab 
in these two infants demonstrate that 
hypoproteinemia was not on the basis 
. failure to retain dietary nitrogen In 
infant the caloric intake was judged 
wdequate before the balance study began but 
vas inadequate during the three days of 
sured intake. In spite of this, she was 

to retain nitrogen 

the second child was slightly above the 


mmended level of 110 calories per kilo 


The caloric intake 


ram of body weight. 
Kave has found normal infants usually 


retain approximately one-half of the in 
gested protein nitrogen at the level of intake 
ur patients were receiving.** Throughout 
the study period, the percentage of in- 
gested nitrogen appearing in the urine in 
Case 3 remained high. This finding could 
« interpreted as being compatible with a 
liversion of the dietary nitrogen to non 
Caloric underfeeding, 


protein pathways. 


stress. and the administration of 
vitamin By in large amounts ** are among 
forces which might be 
None of 
ese factors could be demonstrated in this 
tient. It 


lence to be presented subsequently that this 


the “antianabolic” 


responsible for this diversion 


would appear from other evi 
ipid elimination of body nitrogen 1s a re 

tion of the fundamental defect in plasma 
otein catabolism in this disease and that 
ino-acid nitrogen of dietary origin ts 
xcreted in normal amounts 

The degree of total nitrogen retention 1s 
milar to or slightly less than that found 
n normal infants of comparable weight and 
intake both 
phosphorus 


Retention of potas 


rogen 
also demon 
that 


rmation and not destruction was predomi 


im and was 


rated, likewise indicating tissue 


Spontaneous shifts in water balance 


ting 
ke more precise interpretation of this 


ta unjustified. The findings, together 


with normal growth rates, favor the conclu 
sion that the low serum protein level 1s not 
a result of over-all negative protein balance 
Other than this, no conclusions as to mech 
anisms responsible for the hypoproteinemia 
can be drawn from these balance studies 

Rates of Plasma Protem F 
Degradation.— The 


vided indirect evidence that the circulating 


wrmation and 
preceding studies pro 
protein disturbance was the result of a more 
rapid than normal degradation of serum 
proteins. An attempt was made to obtain 
more direct evidence concerning this mech 
anism by studying the rates of turnover of 
isotope-labelled amino acids in three of the 
The 
reported in detail in a subsequent paper.'® 
3 and Case 4) 


were studied using C'*-labelled phenylala 


patients results of these studies are 


Two of the infants (Case 
nine. Both of these patients demonstrated 
approximately the same rate of incorpora 
tion of this essential amino acid into serum 
proteins as did two normal infants of com 
The 


this isotope into circulating albumin com 


parable age rate of incorporation of 
pared favorably with the results obtained 
by Kelley and co-workers in two older chil 
Methionine labelled 


used in the latter’s study. In Case 1 the 


dren.*8 with S*® was 


patient was fed N?!*-labelled glycine at the 
beginning of her recovery period but at a 


time when the total protein level was low 


Chis child demonstrated a somewhat greate1 
rate of incorporation of isotope mto plasma 


protein at this time than did the other 


infants. She was restudied at age 2 years 


approximately 18 months after apparent 


labelled 


was used in this second study. At 


clinical recovery Phenylalanine 


with C!* 


this time, when the total plasma _ protein 


level and electrophoretic pattern were not 


mal, the isotope incorporation rate was sim 


ilar to that found in the normal infants 


and the two hypoproteinemic infants studied 
by this method 
The rate 14 


of disappearance of ( trom 


the albumin and globulin fractions of the 
circulating protein was studied in two in 


fants with hypoproteinemia and in two nor 
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mal infants of comparable age. The 
albumin fraction in the hypoproteinemic 
infants was found to have a rate of loss of 
isotope approximately twice that of the 
normal infants. The half lives of the iso- 
tope label in the infants with hypoprotein- 
emia were approximately 15 and 12 days. 
The normal infants demonstrated half lives 
of approximately 29 and 22 days. The latter 
figures compare favorably with the results 
obtained in adults by other authors. When 
the patient in Case 1 was studied by this 
method at age 2 years, a half life for albu- 
min was found to be approximately 23 days. 
Turnover rates of globulin were similarly 
increased in the hypoproteinemic infants. 

The rate of urinary excretion of N™ was 
studied in Case 1 during hypoproteinemia. 
She excreted 31.9% of the dose of N'™® 
administered as glycine orally in the 
first 24-hour period. An additional 6.5% 
was excreted in the subsequent 24-hour 
period. Normal values have not been estab- 
lished for infants. Sprinson and Ritten- 
berg found similar values to those reported 
here in their studies of adults. 

These isotope studies suggest that there is 
no failure of plasma protein synthesis from 
dietary or injected amino acids compared 
with the normal infants to account for the 
low levels of circulating protein. The short- 
end half life of the isotope bound in the 
albumin and globulin fraction strongly sug- 
gests that hypoproteinemia is on this basis, 
primarily. Since, however, the concentra- 
tion of circulating protein is dependent on 
both the rate of production and the rate of 
degradation, a relative slowness of the syn- 
thesis rate is apparent. This interpretation 
is also implied by the fact that the number 
of new amino acid moieties present per 
protein molecule in the decreased total 
amount of circulating protein is no greater 
than that found in the infants with normal 
protein levels. A greater total amount of 
protein is circulating in the normal infant, 
and therefore a greater total number of 
labelled amino acid molecules must be in- 
corporated to result in the same concentra- 
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tion of isotope per molecule of protein. If 
reutilization or “feed back” of labelled 
amino acid from other body proteins plays a 
significant part in these studies, the rapid 
decay apparent here could result fron 
failure of utilization of labelled amino acids 
from these internal sources. Since labelled 
dietary amino acids were excreted in normal 
amounts during the 48-hour period follow 
ing their ingestion, it would appear that 
their utilization is at a rate similar to that 
of a normal adult. 

It would appear from these studies, ther 
fore, that an imbalance between the rate of 
production and the rate of degradation is 
responsible for the low concentration of 
plasma proteins. Since normal values for 
each of these rates are not well established 
it can only be stated that the infants 
with hypoproteinemia incorporated isotope 
labelled amino acids into plasma protein at 
approximately the same rate as the normal 
infants did. The loss of the isotope labe! 
from this protein, however, proceeded at 
twice the rate in the hypoproteinemic in 
fants that it did in the normal infants. In 
one patient who was studied 18 months 
after clinical recovery, the imbalance ap 
peared to be gone. Her serum protein levels 
were normal. Normal rates of incorporation 
of phenylalanine 3-C™ into circulating pro 
tein and loss of isotope from the protein 
were found. Although it is conceivable that 
clinical recovery could have occurred in the 
face of continued rapid degradation of cir 
culating protein, this was not the case. The 
transitory nature of this condition seems 
emphasized by this latter study. 

Immunological Properties of Plasma A 
bumin.—The increased turnover rate of th 
albumin fraction of the plasma in_ th 
patients with hypoproteinemia could lx 
either the result of a disturbance in 
the mechanisms responsible for the brea! 
down of protein, or a_ difference 
the physicochemical structure of the mol 
cule itself. No difference in electrophoret 


mobility was noted in the albumin of 1! 
hypoproteinemic patients as compared wit 
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nal persons. An attempt was made to 
onstrate a difference in the antigenic 
perties of the albumin molecule by anti- 


antibody reactions. 


Method of the Study 


umin the 
al adults, normal infants ranging in age from 


was prepared from plasma of 
lay to eleven months, and two of the patients 
hypoproteinemia (Case 3 and Case 4). The 

. same methods of separation and lyophilization were 
sel as were employed in the experiments con- 


* Twenty milligrams 


erning isotope incorporation.” 
each albumin sample was dissolved in 0.5 cc 
sterile normal saline solution, and an emulsion 
repared by the addition of an equivalent volume 
Freund's adjuvant immediately before injection 
intra 
Three 


mixture injected 
adult male 
ections were given each animal at weekly in- 


the 


was 
white rabbits 


antigenic 


scularly into 


tervals. Two rabbits were immunized with 


min of each person. One week following the 
ird injection, 20 mg. of the appropriate albumin 
lissolved in 0.1 cc. of 


injected intradermally into each rabbit 


saline 
A violent 


stertle normal was 
ocal reaction of the skin surrounding the injection 
site resulted in the test animals, and no reaction 
the control 
intradermal 


was present in animals. Two weeks 


llowing the injection, each rabbit 


was bled. After complement inactivation, the rabbit 
serum was tested for the presence of precipitins 
by the ring test using albumin as the antigen. All 
the immunized rabbits the 
presence of precipitins in antigen dilutions rang 
ing trom 1:100 to 1:51,200 
at any dilution in the sera of control rab 


sera from showed 
No reaction was ob 
served 
bits that had received saline and adjuvant only 
Ouchterlony agar plate precipitin tests were then 
carried out according to the modification of Wil- 
son and Pringle.“ Antigen from the normal adults, 
rmal infants, and hypoproteinemic infants was 
ed to the agar plate wells so that the final 
Rabbit 
1 was diluted 1:1 with agar and added to the 


plate 


entration of albumin was 0.02 mg/ml 
wells. The plates were incubated at 


temperature for four weeks, and were in 
spected every three days during this period, and 


the pattern of precipitation was recorded 


Results 


Under the conditions described above, it 
vas possible to demonstrate that a single 


ontinuous line of antibody-antigen precipi 
ition formed in all combinations of testing 
the above-mentioned groups. Control tests 
were maintained throughout in the form of 


substitution of normal sterile saline solution 


for either the antigen or the antibody com 
ponent of the test plates. In addition, sera 
from control animals failed to develop pre 
cipitin lines when tested against each sub- 
ject’s albumin. Of particular interest was 
the demonstration of a continuous single 
line of antigen antibody precipitation when 
the serum of rabbits immunized against al 
bumin normal newborn 
infant was tested against the albumin de 
rived from the two patients with hypopro- 
teinemia (Fig. 4). Single continuous lines 
were also demonstrated when the serum of 


obtained from a 


rabbits immunized with albumin from each 
hypoproteinemic patient was tested against 
albumin from the other hypoproteinemic 
infant (Fig. 5). Similar reactions were ob 
served when rabbit anti hypoproteinemia 
tested 
normal adults and normal infants. 


albumin serum was against both 

It would appear that, under the conditions 
employed, the immunologic properties of the 
albumin from two of the patients with hypo 
proteinemia the those of 


were Same as 


albumin from normal adults and normal 
infants. The dilutions of antigen used in 
this procedure were ncessarily great, since 
the availability of albumin antigen from the 
infants with hypoproteinemia was limited 
Although multiple antigens may be demon 
strated with this technique under the proper 
conditions, only a_ single component was 
found in our system. One would conclude 
that the major antigenic component of the 
albumin of the two patients suffering from 
hypoproteinemia was identical with that of 
normal adults and normal infants 
Hematological Findings. —\.aboratory 
studies and observations regarding the pro 
gressive alterations in circulating hemo 
globin were somewhat complicated by the 
repeated venesections necessary for the de 
tailed laboratory evaluation of each patient 
Initial observations in each instance wert 
adequate to define the morphological altera 
tions in the peripheral blood and bone mar 


row before iatrogenic factors influenced the 
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hand 


bumin from Case 3. Note 


continuous single 


shaped line of precipita 
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ey 
each of the wells 
Dd 
If 
big 5 Ouchterlony 
agar plate precipitin test 
top well contains 
serum from a rabbit im 
munized against the pa 
tient in Case 4 The leit be 
ind wel contain a 


bumin from Case 4. The 


eht hand well contaims 


Ibumin from Case 3. A 


single, continuous, \ 


shaped line equidistant 


tw 


hematological findings. These findings are tration of iron. Even after considerab 


Table 8 blood loss necessitated by the many labor 


summarized in 
The erythrocytes in the peripheral blood — tory studies. reticulocytosis was not four 


smear were somewhat smaller than normal The morphological alterations in 


and poorly filled with hemoglobin. There erythrocytes did not differ from those cor 


was no unusual polychromatophilia, stip- monly encountered in iron deficiency states 
pling, or presence of nucleated erythrocyte (Fig. 6). The moderate degree of mict 
precursors in the peripheral blood. A per cytosis is clearly demonstrated in the Pri 


sistent reticulocytopenia was uniformly Jones curves done on an early blood fil 


present in all infants prior to the adminis from three of the patients (Fig. 7) 
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ob obtained without difficulty Abnormalities 


degree lymphocytosis was 
identified in either the mega 


rate 
| in each patient, being most marked 
ises 1 and 3. The total leucocyte counts 

onsistently elevated (9000 to 25.000 
to 82% of these dance in the 


could not be 
karyocytes or in the granulocyte precursors 
Although lymphocytes were present in abun 
marrow aspirate in some in 
attach any 


illimeter), with 45% 


being mature, small lymphocytes 


1f lymphocytes to granulocytes did not 


The stances, it is not possible to 


significance to this finding in view of the 
peripheral 


lymphocytosis present in_ th 


blood which was obviously mixed with our 
Plasma cell counts 


significantly whether the total leuco 
ount was near normal or quite strik 
aspiration specimen. 


elevated 
four patients 


ral platelet counts from each patient 


VOCl« 
results that did not vary from our 


were normal in each of the 


The most striking finding in the marrow 


nal values material was the absence of any morpho 
\spiration biopsies of the tibial marrow ogical changes indicative of 
j Late normoblastic 


attet erythropoietic activity 


increas d 


is available from each patient soon 


In each hyperplasia as seen in pediatric patients with 


ey were first seen with symptoms 
deficiency 


cellular specimen was and pyridoxine 


nstance a highly iron, copper, 


Taste &—Peripheral Blood Count 


Date HGB RBC Retic 
194) 
1 


270.000 


: Z 
lifter 
ngly 
> 
ga 
f 
> 
| WBC Ditferential « 
M Ms 
PMN Band Eos Lympt Mono 
e 
7.20 7.1 3.23 20 0.600 a4 
A 
Saccharated Fe yxide ven I. V 
t 6.4 14.4 2 
&-12 78 64 400 2? 2 
J 
10 2 
t 
4 10.0 3.97 10,050 22 t 
| 
2-1 1.6 3.1 1800 2 6 
2-2 Bu 280 Pa] 4 62 
2-15 Oral Fe medicatior tarted ae 
2-17 14 1.0 
12-18 6.0 1.0 é 
2-2 10.0 50 
1-2-5 10.4 Is 23,08 2 


4-16 


States was not present. An increase in the 
numbers of less mature erythroid precursors 


such as 


anemias was lacking. No evidence of mega 
loblastic erythropoiesis could be identified. 
The late normoblasts present in the marrow 


were relatively few in number and were 


unusually 


with the erythrocytes in the circulation 


(Fig. 8). 
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ripheral Blood Cownts—Continued 


Case 3 
WBC Differential 
HGB RBC Rett Plat WBC 
OOM! PMN Band Eos Lymph Mono 
s 2.29 2 12,970 
2.26 07 295,000 11,100 24 2 
48 1.97 1.0 4.300 16 SO $ 
10 2.23 1.3 259.000 19.450 19 2 7s 1 
44 1.92 2.3 16,000 22 ; 72 2 
Oral iron medication started 
44 2.28 12.3 13,770 12 ‘ 73 « 
6.7 3.01 13.1 10,800 as 
9.1 2.89 3.9 
11.3 1.12 2.1 11.920 23.2 f 70 3.2 
10,750 4 46 ¢ 
11.2 4.5 0.6 
13.3 
Case 4 
10.4 3.27 295,000 R580 64 13 
10.0 36 05 17,000 25 47 22 
7.6 2.5 1.3 13,870 
7.2 2.45 3.4 
7.0 2.98 2.9 9,950 
7.1 2.52 
6.2 09 
6.6 2.81 14 
Oral iron med ition started 
78 2.91 74 
10.5 1.42 1.4 
12.7 
12.7 4.18 04 11,200 2 tt 85 
11.0 $.87 0.2 
4.12 0.1 8,200 7.0 2 87 
10.8 3.72 1.1 10,750 20 2 72 


are encountered in 


well hemoglobinized compared 


hemolytic 


in Table 9. 


serum was 
found to be 


instance the serum iron level was distinct 


The numerical relationships of the cellu 
lar elements in the bone marrow are listed 


The fasting serum iron level was detet 
mined in each patient shortly after being 
first seen with symptoms of disease. In each 


low. The total iron-binding capacity of th: 


measured and likewis 


reduced; the range of value 


NUMBER OF ERYTHROCYTES 


Date 
(19455 
6-30 
bee ‘ 
7-14 
7-19 
7-29 ‘ 
8-2 
8-17 
8-22 
a 10-25 
11-22 
Fy 
+ 10-17 mea 
10-26 rol 
* 11-2 
11-7 
11-14 
11-17 
11-28 
12-19 2 
2-19-55 
4 
12-27 
1-3-56 
1-22 
3-13 
3-28 
4-2 
t 
cir 
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reo wu 


; Fig. 6—Photomicrograph of peripheral blood 
mear in Case 3. The microcytosis and hypo 


ia are evident; X 720 


PRICE-JONES CURVES 


. 
cc. 
3 200 mF. 

« 

2 

z 


Fig. 7—Price-Jones curves of erythrocyte 
; meter show the moderate degree of mucro 

- tosis found in each of three patients 
wing 22ly per 100 cc. to 262y per 
100 ce. These levels, although distinctly re 


luced, were obviously not the limiting 
ctor responsible for the low level of 
rculating serum iron. Unfortunately, our 
data are much too limited to be interpreted 


Fig. 8—The bone-marrow-aspiration smear im 
Case 3. A marked lymphocytosis is present. The 
absence of megaloblastosis and normoblastic hy 
perplasia is referred to in the text; » 720 
as showing any trend in serum iron level 
with the levels of circulating hemoglobin ot 
plasma protein 

In three of the four patients the serum 
copper level was reduced The fourth pa 
tient (Case 1) was studied only im the 
recovery phase of her disease and on three 
occasions had normal or elevated levels of 
serum copper Che numbers of observations 
of the serum copper level are, unfortunately, 
limited in each individual patient but the 
level of the copper in the serum appeared 
to rise after the administration of albumin 


intravenously in one patient. In one other 


patient, Case 3, the plasma copper level rose 
to normal levels only after several weeks 
of observation and after administration ot 
an oral medicinal iron preparation 

The free erythrocyte protoporphyrin levels 
were determined and found to be elevated 
in three of the four patients. There was poor 
correlation with the degree of elevation of 
the protoporphyrin level and the degree of 
anemia. The levels were elevated in each 
anemic patient throughout the period of ob 
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Bone-Marrox 


I spirate 


* Plasma cells are counted per 5,000 nucleated cells. Four patients without abnormal serum proteins and less than one year of 
age had 20 plasma cells/5000 marrow cells 


servation. The lowest levels of free eryth 
rocyte protoporphyrin were found in the 
patient in Case 1, who was studied only 
during the period of spontaneous recovery. 
rhe results of these chemical analyses are 
recorded in Table 10 

In view of the morphological findings in 
the circulating erythrocytes and the low 
serum iron in the presence of optimal intake 
of iron-containing foods, it was felt perti 
nent to determine whether or not iron ab 
sorption from the gastrointestinal tract was 
abnormal. One of the infants (Case 4) was 


thus fed egg containing Fe™® 


obtained from 
a hen previously injected intravenously with 
the isotope. The egg was scrambled and 
quantitatively fed as part of a normal break 
fast (one half piece of toast, orange juice, 
and two ounces of milk). Quantitative col 


lections of stools were carried out for five 
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days until less than 1% of the radioactivity 
appeared in the stool. Eighty per cent oi 
the ingested Fe*® was recovered in the stoo 
The 20°¢ absorbed compares well with our 
normal controls of this age group.*® 
During the course of observation each of 
the four patients was treated with medicinal 
iron. In Case 1 200 mg. of saccharated 
iron oxide was given intravenously to test 
the hypothesis that this infant was not iron 
deficient. A prompt reticulocytosis and pri 
gressive rise in hemoglobin ensued. In th: 
remaining three patients no iron medicatior 
was given until after several weeks of ol 
servation, and the hemoglobin in each it 
stance had progressively fallen to less thar 
4.5 gm. per 100 cc. This severe anemia wa 
due in part to repeated phlebotomies. [ro 
was given orally as a concentrated soluti 


of ferrous sulfate (Fer-In-Sol) in a do 


9.—Differential Counts of 
Case 3 Case 4 
Marrow Cel Case 
7-7-55 10-3-55 10-27-55 
Blast OS% 1.4% 2.0% 3.6% 
Promyelocyt 2.2 68 5.2 
M velocyte Neut 10.0 &.4 29.2 11.6 
I 3.2 2.6 5 
Metamvelocyts Neut 2 12.8 22.4 16.2 
Eo Seal 3.6 2.0 28 
Neut 13.4 15.4 5. 
Band 
Eos 1.0 1.2 3.2 
: Neut. 5.0 11.8 10.0 2.0 
4 
i . Eo OS A 2.0 2.2 
2.2 
Proerythroblast 28 1.2 
: Erythroblast 0 6.0 3.2 6.2 
- 
i 
23 Lymph. 6.2 20.0 2.2 30.4 
a 
per 
4 2 27 f 
glol 
‘ row 
1 
i n 
ne 
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rapLE 10—Serum Iron, Serum Copper, and Free Erythrocyte Protoporphyrim 
Determimations 


Total 


protein, Hemoglobin lron, 
100M1 Mg./100M1 


Gm./100M) Gm./100M1 Me 


ch provided 48.0 mg. of elemental tron 
four divided doses each day. Each infant 
esponded to the medication with prompt 
ticulocytosis and progressive rise of hemo 
obin concentration to normal. The serum 
n and copper levels were not determined 
frequent intervals and thus the effect 
iron therapy on these values cannot be 
idequately evaluated. In the third infant 
normal copper level was observed for the 
rst time after 11 weeks of oral iron ther 
py. The effect of the tron in imcreasing 
moglobin production was not altered by 
protein level or the ratios of albumin 


nd globulin in the serum. In two intants 


Total Iron 

Free Eryth Binding 

Copper, Proto- Capac., 
porphyrin Gm./100M1 


hypoprotemnemia of marked degree persisted 
during the period of the rising hemoglobin 
level. In a third infant moderate reduction 
of the serum proteins (4.8 to 5.1 gm. per 
100 cc.) persisted during this period. In 
the infant given the iron intravenously the 
protein level was mcreasing when the ma 
terial was injected and continued to rise to 
normal levels In none of the tour patients 
could the iron medication be identified as 
favorably increasing the levels of serum pro 
tein. The persistent lymphocytosis noted in 
ill of the patients Was not altered by the 


administration of the rapeutic iron 
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General Comment 


Che age at which the hypoproteinemia ap 
peared in these infants is a period when 
relatively low levels of plasma proteins are 
common in normal infants. Evidence from 
several sources is available to suggest that 
the maternally contributed fraction of the 
infant’s serun protein 1s slowly metabolized 


1 


ind is undetectable after age 2 to 3 months 
In addition, Good has found that an infant 
who received no gamma globulin from its 
mother (who suffered from agammaglobu 
linemia) showed no detectable gamma glob 
ulin in its blood until the age of 3 months.®® 


These findings suggest that the rate of syn 


thesis of plasma protein in infants under 3 


months is either extremely slow or delayed 
in onset. The adult level of gamma globulin 
is not demonstrable in many infants until 
age 2 years, which suggests that a low 
level of the plasma protein fraction alone 
is not enough to initiate a rapid production 
rate. The finding of retarded “production 
rates’’ of albumin, and beta globulin in the 
very young infant, may be the result of 
‘hepatic immaturity” which has been shown 
to exist as regards other liver functions 
During infancy, a maximal rate of protein 
production by the hepatic cell may be inade 


quate to maintain adult concentration of 


plasma proteins in addition to meeting the 
needs for synthesis of proteins for other 
uses, such as organ growth. Since the 
gamma globulin fraction has its origin in 
the plasma cell and not the hepatic cell, a 
more generalized process than hepatic im 
maturity is suggested. Since the microsomal 
fraction of certain cells appears to be the 
origin of plasma protein, some enzyme sys 
tem common to microsomes of both hepatic 
and plasma cells would appear to be involved 
when all serum protein fractions are in 
adequately produced. The role of serum 
protein degradation in normal infants is not 
completely settled by evidence at hand, how- 
ever. Maternal protein appears to be de 
graded at a normal adult rate by the infant, 
and after its disappearance only a slow rise 


of the infant’s proteins to normal concentra 
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tion levels ensues. The dynamic equilibriun 
of normal metabolism of infant protein may 
escape detection, however, if concentrations 
rather than rates of production and degrada 
tion are measured. The production of 
modified protein molecule during early 
fancy could conceivably result in a shortened 
survival time of endogenously produced 
serum proteins. A low level of serum pri 
tein concentration could result from a d\ 
namic imbalance of this type as well 
from a decreased rate of synthesis alon 
It seems conceivable that the greater than 
normal hypoproteinemia in the four cases 
reported here could be an exaggeration 
a normal mechanism. These infants did not 
manifest edema in the early newborn period 
which suggests that the pathologic level of 
serum protein developed after disappearance: 
of the maternally acquired proteins. In the 
presence of an increased rate of serun 
protein degradation, the rate of protein syr 
thesis has become inadequate to prevent | 
poproteinemia, even though this producti 
rate 1s equal to that found in normal infants 
The reason for this increased plasma pr 
tein turnover rate is not apparent from out 
studies. As the infant grows older and 
more mature, the microsomes may be er 
abled to increase the plasma protein pre 
duction rate to one which will result 
normal concentrations of circulating prot 
Proportional decreases in albumin and 
globulin fractions is not usually found it 


hypoproteinemia resulting from other cor 


moner causes. The hypoproteinemia due to 


dietary protein deficiency, the nephroti 
syndrome, cellular damage to the liver, and 
inflammatory processes is usually character 
ized by a reversal of the albumin/globulir 
ratio, which has not been evident here 
The cellular origin of gamma _ globulir 
is different from that of albumin. Thus 
it does not seem likely that the mechanis: 
responsible for the hypoproteinemia in thes: 
patients is similar to the isolated defect i: 
the plasma-cell production of protein found 
in patients with congenital agammaglobu 
linemia. The reduction in total protein 


SIENT DYSPROTEINEMIA IN INFANTS 


senital agammaglobulinemia ts small, and 
be accounted for entirely by the absence 
© gamma fraction.*! It is of interest 
each of these patients was found to 
plasma cells present in normal num 
n the marrow aspirate. It is, of course, 
ble that a single enzyme defect could 
resent in several types of cells and thus 
unt for the decreased serum concentra 
f all albumin and globulin fractions 


il somatic growth rates and over-all 


wen balances indicate compensated or 


| protein metabolism at the sites of 


uction of these other proteins. If, how 
one assumed a near-normal rate of 
sma proteimn production accompanying a 
pid destruction of albumin and globulin 
ons by the same process, the same low 

of plasma protein concentration could 
sult. This latter hypothesis seems more 
ible. and that such a derangement 1s 
sent in the patients considered here 1s 
tter supported by the evidence presented 
\lthough transitory edema of the new 
infant is occasionally observed, it 1s 
imusual that an infant past the neo 
period should develop obvious clinical 
\When such causes as protemuria, 
utrition associated with intestinal mal 
sorption or severe underfeeding, and 


diseases such as cirrhosis of infancy 


re eliminated, hypoproteinemia during the 


ear of life is very rare 

Severe anemia in early infancy is not a 
on occurence and when encountered a 
tv of etiolog cal factors must be con 


1 


Las possible causes of the he moglobin 


In the patients ¢ msidered here the ab 
nee of icterus, clinical evidence of in 
ised pigment excretion, significant 
nomegally, hyperbilirubinemia, and re 
ulocytosis convincingly support the pre 
se that the anemia was not due to 
reased destruction of ¢ ry throcy tes. Loss 


erythrocytes by hemorrhage is not sup 


“orted or suggested by any of the clinical 


laboratory data 
Inadequate production of erythrocytes 


vould appear to be a more plausible ex 


planation for this deficit of circulating hemo 
globin, i. e¢., anemia. The presence of 
striking hypochromia in all of the patients 
would suggest that the production deficit 
is more particularly affecting hemoglobin 
production than erythrocyte production pet 
se 

The morphological findings in aspiration 
material from the bone marrow in each in 
fant demonstrates an adequate number ot 
normal appearing hematopoietic elements to 
be present in the marrow of each patient 
Although compensatory increases 1n ¢ rythro 
blastic elements could not be demonstrated 
in these patients, the marrow and the hema 
toporetic tissues appe ared to be intact and 
structurally capable of normal blood-cell 
production 

In light of these morphological findings, 
the possibility that the erythroporetic tissues 
were not being provided with adequate sup 
plies of the precursors for normal hemo 
globin erythrocyte precursors 18 
immediately suggested. The supply of such 
nutrients could be inadequate in the presence 
of environmental factors making ingestion 
of a normal dietary intake impossible ot 
might be inadequate if certain intrinsic ab 
normalities existed which prohibited the 


etabolis! of necessary nutnmen 


al I 
even though they were ingested in norma 


imounts 


The diets of the patients had been optin il 
by all current standards, had been taken 
we ind to be iss lated 
normal manner as shown by the balance 
studies reporte 1 in the previou section 


Our observations concluded that mm no way 


did the diets of these children difter tre 


diets ot thousands of other normal 
in this community who are maintained m 
apparently adequate nutrition on such feed 
Ings 

Iron depletion is the most commonly en 
countered nutritional deficit responsible for 
impaired hemoglobin synthesi The hypo 
chromic, microcytic erythrocytes, the low 
serum iron level, and the prompt response 
of each infant to iron medication are in 


keeping with the conclusion that anemia 
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encountered here is due to iron deficiency 
The age of onset of the anemia in the ab 
sence of demonstrable blood loss, the low 
serum copper, the good dietary intake, and 
the absence of normoblastic hyperplasia in 
the bone marrow are not in keeping with 
the conclusion that the hemoglobin deficit 
resulted from lack of available iron from 
extrinsic sources. That dietary iron was 
normally available and could not be assim 
ilated from the intestinal tract does not 
seem to be a plausible explanation for the 
possible occurrence of iron depletion. In- 
fants of this age probably do not have a 
large demand for exogenous iron, and severe 
anemia due to lack of dietary iron should 
not occur in very early infancy in the ab 
sence of blood loss. In one patient the quan 
titative determination of the absorption of 
iron from egg clearly demonstrated that 
normal amounts of iron were assimilated 
from foods in the diet 

The finding of hypocupremia in the three 
of the four patients who were seen during 
prolonged symptomatic periods of their dis 
ease is of considerable interest. Low levels 
of copper in the serum have been found only 
in the newborn, hepatolenticular degenera 
tion, nephrotic syndrome, sprue, and in 
severe hypoproteinemia.** The abnormali 
ties responsible for the low level of cit 
culating copper in these disorders and in the 
newborn are not clear. In the nephrotic 
syndrome large amounts of protein-bound 
copper are lost in the urine, in sprue de 
fective absorption of copper might be re 
sponsible, and in Wilson's hepatolenticular 
degeneration and the newborn no plausible 
explanation for the low copper values is ap 
parent. It is important to appreciate that 
low serum-copper values are not in them 
selves any indication of the status of body 
copper content and stores. In both the 
newborn and in hepatolenticular degenera 
tion the serum copper concentrations are 
low, and yet it is known that in both these 
instances the tissue content of copper is very 
high 

The low serum-copper values found in 


the patients discussed here might be ex 
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plained as merely a reflection of the low 
globulin content of the plasma. Copper ex 
ists only bound to protein in the plasma 
chiefly alpha? globulin. It seems reasonable 
that the very low level of this plasma pro 
tein fraction would appear to be responsibk 
for the low copper levels found. The sparse 
lata available appear to show a direct cor 
relation between the levels of plasma proteir 
and copper levels 

That the hypocupremia could be a man 
festation of copper depletion resulting fron 
exhaustion of neonatal copper stores and 
inadequate dietary intakes of the metal 
seems highly unlikely. The data concerned 
with dietary copper requirements of grow 
ing infants are scanty and variable. Figures 
from growing school children obtained in 
balance studies by Scoular** and by 
Macy “* suggest that about 80y/kg. of 
body weight might represent the normal 
laily requirement. Information regarding 
the copper content of commercially avail 
able infant foods is not available at present 
Cows milk contains 0.1 to 0.5 mg/liter, with 
the lowest values being present during 
winter months. It is stated that most food 
stuffs are rich in copper and that even medi 
ocre infant diets contain more than adequat: 
amounts of this element. However, unt 
the copper content of commercial baby 
foods is known, one cannot justify this as 
sumption 

Bush * refers to an attempt by Lahey 
produce copper depletion in two infants it 
a hospital environment by limiting the diet 
to especially prepared low-copper-contain 
ing milk. Over a period of four to five 
months he was unable to produce hypop 
cupremia, anemia, or other signs of 
nutritional deficiency. 

Cartwright *° and his associates have pro 
duced copper deficiency by dietary means i 
rapidly growing swine. Anemia was a pron 
inent feature of the deficiency state. Th: 
anemia could not be distinguished on 
morphological basis from the hypochromi 
microcytic, reticulocytopenic picture foun 
in iron depletion. The marrow finding 
were that of normoblastic hyperplasia. Th 
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iron as well as the serum-copper 
es were low. There were no alterations 
ie plasma protein. There was a prompt 
onse to copper supplementation with 
ases in the reticulocytes, the hemoglo 
serum iron and copper levels. 
several distinct differences in the hema 
vical findings are apparent between these 
per-deficient animals and our findings 
e serum-iron levels did not rise in asso 
tion with the increase in plasma-coppet 
The bone-marrow picture was di 


tinctly different in the patients where in 
reased normoblastic activity was not found 
From this accumulated evidence it is diff 
ult to assume that the hypocupremia found 
the patients studied here was other than 
mdary manifestation of hypoglobulen 

tia and not a manifestation of copper de 


pletion in these infants. 


Other nutrients, of intrinsic or extrinsic 
origin, essential for hemoglobin synthesis 
ight well be considered in an attempt to 
elucidate factors responsible for the unusual 
ynemia encountered in these infants. The 
dietary intake of proteins and vitamins was 
lequate for normal subjects, but that a 
relative inadequacy might have been present 
for some other essential nutrient must be 
onsidered. Such a situation might exist 
n the presence of excessive rates of excre 
on or the defective metabolism of a nu 
nent 
Cartwright has recently reviewed the litet 
iture concerning the hematopoietic conse 
uences of deficiencies in the vitamins and 
ther trace nutrients.** It would appear that 
the many vitamins only miacin, pyri 
loxine, riboflavin, pantothenic acid, ascorbic 
cid, folic acid, and vitamin By play a 
lemonstrable role in erythropoiesis, Dietary 
leficiencies of none of the B vitamins except 
folic acid have been encountered as clinically 
esponsible for anemia in man. In animal 


xperiments the hematological alterations 
issociated with induced deficiencies of these 
substances are in no way comparable to the 
findings in the clinical material considered 
the megaloblastosis asso- 


folic-acid, and 


ere. Likewise, 
ated with the 


vitamin C, 


vitamin-Bys deficiencies were not encount 
ered in the patients 

That protein and its constituent amino 
acids are necessary for normal erythro 
poiesis and hemoglobin production has been 
known for many years. Adequate studies of 
the hematological alterations in human ma 
terial associated with pure protein deficien 
cies are not currently available. It is well 
established that hypoproteinemia and mod- 
erate degree s of oligemia will follow periods 
of protein starvation. However, anemia 1s 
often difficult to define im such situations, 
circulation 


since reductions of the total 


erythrocyte mass are not demonstrated in 
the reduced plasma volume present if only 
concentrations of hemoglobin and eryth 
rocytes are determined.*7 Anemias in am 
mals on low-protein intake are of interest in 
regard to the current clinical material, since 
the morphological characteristics im_ the 
peripheral blood and bone marrow are not 
unlike those encountered in our patient 

In protein deprivation hypochromia, mi 
crocytosis, and reticulocytopenia are 
common with a moderate degree of lympho 
cytosis present. The marrow has been best 
studied in animals by Brown * and ts char 
normoblasti 


acterized by erythroid and 


hypoplasia and eosinopenia. These morpho 
logical findings in the four infants of in 
terest here are suggestive ot protein 
deprivation of moderately severe degree 

In face of an obviously normal intake of 
protein, and without evidence of proteim 
loss in the urine, one cannot attribute the 
hematological alterations to protein depriva 
tion without further consideration. It is to 
be remembered that protein deficiencies may 
be qualitative as well as quantitative and may 
be due to intrinsic environmental abnormal 
ities as well as extrinsic factors which might 
exclude normal protein from the diet 

It has been impossible for us to define 
an extrinsic deficit, quantitative or qualita 
tive, in the protein intake in any of the four 
patients, and one would thus postulate that 
some metabolic abnormality exists prevent 
ing the normal nutrition of the hematopoie 
tic tissue with 


protein and _ protein 
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constituents. An obvious area to explore is 
the loss from the body of an amino-acid 
essential for hemoglobin production, iso 
leucine, lysine, or tryptophan 

There was a reticulocyte and hemoglobin 
response in each patient upon administration 
of medicinal iron. An adequate explanation 
for this finding is not apparent. It is of 
interest that Zuelzer has observed an unusual 
patient with persistent hypoproteinemia and 
persistent hypochromic anemia.“” A prompt 
hemoglobin response followed the admin 
istration of iron to this patient on repeated 
occasions with recurrence of anemia when 
iron medication was discontinued. This pa 
tient obviously was not suffering from iron 
depletion. He was unable to utilize body 
iron resources for hemoglobin synthesis, 
although iron in large amounts from the 
gastrointestinal tract was readily utilized 


f hemoglobin. It is tempt 


for production « 
ing to speculate that a similar situation was 
present in the four patients presented here 
Until the metabolic interre lationships of 
protein and iron are more clearly defined 
the significance of these interesting observa 
tions will be obscure. 

In the past 10 years, two dramatic epi 
sodes have occurred to emphasize our in 
complete knowledge of the nutritional 
Megaloblastic 


anemia of infancy was the first of these. 


requirements of infants. 
Studies which led to a better understanding 
of the role of folic, folinic, and ascorbic 
acids, as well as vitamin By in normal 
hematopoiesis were stimulated. The second 
episode confirmed that pyridoxine must be 
supplied to the growing infant. It should 
be pointed out that although much know!l- 
edge of all these nutrient factors was avail- 
able it remained for the clinical studies of 
infants accidentally deprived of them to 
lead the way to their being finally estab- 
lished ae required factors. Careful dietary 
hisiories on each infant did not reveal 
either a common type of milk preparation 
or a common source of solid foods. Each 
infant had received a diet determined as 
adequate in all known essential nutrients. 
Indeed, each infant was hospitalized during 
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the illness and was thus personally observed 
to consume the-adequate diet. Two of the 
patients (Case 1 and Case 2) began to im 
prove almost immediately when removed 
from their homes. Since these were th 
first two infants studied, it was tempting 
to assign their improvement to either r 
moval from a toxic influence or introductior 
of a missing essential occasioned by th 
entrance into the hospital. The remaining 
two infants, however, discouraged specula 
tion of this nature. These latter infants 
failed to improve until they were again r 
turned to their homes after periods of hos 
pitalization. The age at which all infant 
improved seems more constant than does 
the place of beginning improvement. On 
infant (Case 4) was given parenteral doses 
of pyridoxine without effect. No other at 
tempts at specific therapy were made, sine 
we felt unable to accurately predict the ti 
ot spontaneous recovery which could easily 
be mistaken for a result of any type of 
therapy. In spite of a lack of clear-cut evi 
dence in favor of an isolated deficiency of 
an essential nutrient, little evidence is avail 
able to deny such an etiology. 

The possible role of copper deficiency 
such patients has been suggested by Stu: 
geon and Leahy. Although the close associa 
tion of this metallic ion with protein in th 
blood is well recognized, no evidence is avail 
able to suggest its role in protein formation 
or degradation. Cannon has shown. that 
when animals are chronically deprived oi 
potassium that serum protein levels becom: 
low. Although potassium balances wer 
positive in two of these patients, little is 
known of the status of trace elements in 
these patients. It is assumed that no defi 
ciency existed, since the diets they received 
were essentially those received by thousands 
of healthy American infants. 

This same reasoning must be applied t 
the status of essential amino acids in thes: 
infants. Although it is conceivable that som: 
unusual and unrecognized circumstance i 
some way decreased the content of a sing] 
essential amino acid in the diet of thes: 
infants, it does not seem at all probable 
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ironic urinary loss of an essential amino 
is a possibility. However, the studies 
‘rotein dynamics suggest a rate of de 
ition which is rapid rather than a fail- 
of synthesis. Deficiencies of essential 
no acids appear to retard synthesis and 
reduce protein concentrations. Amino 
luria is also found in such deficiencies, 

other amino acids are not utilized when 


essential amino acid is missing. 


Summary and Conclusions 


n an 18-month period, four infants under 

S months of age with an unusual syndrome 
edema, irritability, and pallor were 

|. Each infant was born at term, had 
sted an optimal diet, and had no labo 
ry evidence of renal or other hepatic 
ise. Marked hypoproteinemia was pre 
in each patient at some time during the 


ess. The age of onset of symptoms 


nged from less than 1 month to 7 months 
lisease was apparently self-limited with 
ntaneous recovery occurring in each im 
between the 7th and 9th months of life 
he striking similarity of the climical find 
gs of these patients suggests a single 
sease process which might be ascribed to 
fundamental defect in protein metabolism 
lhe hypoproteinemia was characterized 
1 uniform reduction of the concentra 
tion of albumin and all globulin components 
Continued normal growth rates in all pa 
tients as well as the nitrogen balance studies 
performed in two patients indicated that 
the over-all nitrogen balance was positive 
Balance studies also revealed that the urin 
ry excretion of nitrogen was high in com 
parison to the dietary intake of protein 
lhe excretion of an apparently normal 
mount of isotopic nitrogen in the urime 
iiter the ingestion of glycine labelled with 
\" in one patient suggested that the in- 
reased urinary excretion of total nitrogen 
was not the result of a failure of utilization 
f dietary nitrogen. 
Studies of plasma protein turnover rates 
vere made in three of the infants using 


racer doses of phenylalanine-3-C'*. Two 


normal infants were also studied in a similar 
fashion. The rate of incorporation of this 
isotope in each protein fraction was similar 
in the hypoproteinemic and the normal in 
fants. Of particular importance was the 
finding that the isotope label disappeared 
from the circulating protein at an increased 
rate in the infants with hypoproteinemia. 
his finding was most striking in the al 
bumin fraction. It would appear that this 
increased rate of plasma protein degradation 
and the failure to compensate for it with 
an increased rate of production is respon 
sible for the low circulating levels of albu 
min and globulin in these infants 

Further evidence of this rapid rate of 
protein turnover was gained from the im 


munologic studies. Gamma globulin could 
not be demonstrated in the plasma of these 
infants by Tiselius or paper-strip electro 
phoresis. One of the infants was able to 
respond to antigenic stimulation with th 
production ot antibodies measurable bv im 
munologic techniques During a 


period 
when no gamma globulin was evident by 


other techniques, all patients showed a 
normal number of plasma cells in the bone 
marrow aspirate 

The plasma albumin of two patients was 


compared in its antigenic properties with 


albumin from normal infants and adults. 
by the Ouchterlony agar plate precipitin 


technique 
of the 


lhe major antigenic component 
albumin obtained from the infants 
with hypoproteinemia was identical with 
that from normal infants and adults 
Anemia was present or developed in each 
of the four patients. Microcytosis and hy 
pochromasia of the erythrocytes and a 
moderate lymphocytosis characterized the 
cellular morphology of the peripheral blood 
Hypoferremia, hypocupremia, and a redu 
tion in the iron binding capacity of the 
plasma were found. There was elevation 
of the free erythrocyte protoporphyrins 
Bone-marrow aspiration biopsy failed to re 
veal the normoblastic hyperplasia character 
istic Of simple iron deficiency anemia. Bone 


marrow morphology was otherwise normal 
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Che intestinal absorption of iron was within 
normal limits, as demonstrated by an iron 
balance study using Fe®*-labelled eggs as a 
dietary source of iron. 

Although the dietary history, age of on 
set, bone-marrow-aspiration findings, and 
blood chemistries did not indicate that the 
anemia was due to iron depletion, the hemo- 
globin levels rose in each patient following 
the administration of medicinal iron 

The extensive studies reported here on a 
group of four infants suffering from hy 
poproteinemia and anemia of a transitory 
nature suggest that an abnormality in pro 
tein metabolism at the cellular level is re 
sponsible. The normal dietary intakes 
during the development of anemia and hy 
poproteinemia and the spontaneous return 
to normal without recognizable changes in 
the diet as well as the many studies pre 
sented here indicate that this disturbance 
was not primarily of dietary origin. Other 
possible etiologies have been discussed. ‘he 
evidence at hand does not permit assignment 
of a definite etiologic factor, although the 
mechanism for the development of signs and 


symptoms seems clear. 
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Copper Deficiency in Y, 


A Syndrome Characterized by Hypocupremia, Iron Deficiency Anemia, and 


Hypoproteinemia 
Phillip Sturgeon, M.D. 


and 
Charles Brubaker, M.D., Los Angeles 


Introduction 


are 
and 


Low serum copper concentrations 


characteristic of the newborn imntant 
ire known to occur in nephrosis,7 in sprue,’ 
and in the hepatolenticular degenerative dis- 
order of Wilson In addition, Zurukzoglu 
Sklavounou in Switzerland," Stransky 1n 
Islands ™ Axtrup in 


attaching little or no 


the Phillipine and 
Sweden, although 
significance to the findings, have published 
data indicating the sporadic occurrence of 
hypocupremia in infants with hypochromic, 
microcytic anemia. On the other hand, it is 
generally concluded that the serum copper 
concentration is normal or elevated in iron 
deficiency anemia and data supporting this 
position have been reported by Axtrup," 
Freudenberg,’ and by Lahey 
and co-workers,” as well as by the previously 


cited authors.§ 
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ants 


Infants maintained on nearly exclusive 
milk diets are likely to develop a microcytic, 
hypochromic anemia typical of iron defi 
ciency and closely resembling the anemia 
produced in swine by copper-deficient diets 
Hypocupremia, indicative of a nutritional 
copper deficiency, might be expected to oO 
cur in these infants, since both bovine and 
milk 
tions,f and since the copper requirement of 
the rapidly growing infant might be ex 
Bush 


human have low copper concentra 


pected to be high. However, cites 
experiments which failed to produce hypo 
cupremia by feeding two infants, one 5 
age, for 4 


days and the other 8 months of 


and 5 months, respectively, diets identical 
to those used to produce copper deficiency 
in swine.*° 

In our clinic, five infants with hypo 
chromic anemia and laboratory findings of 
marked hypocupremia, hypoferremia and 
The 
preliminary data suggest that these cases 


hypoproteinemia have been studied. 


represent a multiple deficiency syndrome 


previously unrecognized, 


Methods 


The hematologic methods 


have been described elsewhere.‘ 


routine employed 
The method used 
for the serum copper concentration has been de 
that for the 
co-workers ™; for 
Rath 
Finch,” and for free erythrocyte protoporphyrin 
by Grinstein and Watson.* Normal 
adults and children with the use of the above pro 
cedures and for the routine hematologic determina 


scribed by Gubler and associates *: 
Hamilton 
iron-binding 


serum iron by and 


the serum capacity oy and 


values for 


tions employed in this laboratory have been re 
ported.* 

Filter paper electrophoretic studies of the serum 
proteins were performed using the Spinco Model 
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Technical details of the procedure 
buffer, pH 8.6, tonic 
0.01 ml. of serum applied to each 


pparatus 
follows barbital, 
gth 0.075; 
16 hours at constant current of 
After 


migration, 


. per eight-strip cell migration the 


were heat-coagulated, stained with 
nophenol blue, and fixed with sodium acetate 


integrating 


Spinco Analytrol, a servo-type 


ner, was used to measure the relative con- 


trations of the protein fractions as indicated 


amounts of dye present on the filter paper 


os.# Total protein and albumin and globulin 


entrations in the serum were determined by 


cht modification of the salt fractionation and 


Kingsley. 


method 


Report of Cases 


\ 9 month-old was ad 
to the Los Angeles Childrens Hospital on 


2? 1952. with a history ot periorbital eden 


white girl 


} weeks and generalized edema 


She was the 


Her 


product otf 
birth weight 3200 en 
ged” during 
remainder the 

Delivery was 


us after a five-hour, uncomplicated labor 


t's development was normal and the 


had 


intection at the age 


illness been one minor upper re 


3 months. There 


symptoms of urinary-tract 


f the gastrointestinal system 


d been breast fed tor one and a 


then changed to an evaporated milk for 


At the time of admission, her diet was 


Taste 1.—Summary oJ 


1. B.C 
100 Ml 


RBC 8. I.. 7 1 
100 Ml 


Hb., Gm 
10*/Mm.? 


100 Ml. 


7.0 3.38 18 Sts 
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*S.1.<Serum Iron 


the Serum Iron E.P.= Free 


8.C.=Serum Copper; 


# See Operating Instructions, Spinco Model R, 


‘aper Electrophoresis System, Spinco Division of 


Beckman Instruments, Inc., Belmont, Calif 


Hematologu 


T.1.B.C.=Serum Total Iron Binding Capacity 
J Erythrocyte Protoporphyrin. 


principally milk (18-24 oz/day), although 
strained foods and cereal reportedly were taken 


whole 


fairly well. 
Physical 


edema, most pronounced over the dorsum of the 


examination revealed generalized 


the periorbital region 
The 


within 


hands and feet and in 
Marked pallor was noted 


were 


remainder of the 


physical findings normal limits 
Laboratory findings on entry are tabulated in the 
Table 1 marked 
(serum iron, 18y/100 ml.), hypo 
437/100 ml.), and 
globulin, 1.0 


studies re 


first line of These revealed a 
hypoferremia 
cupremia (serum copper, 
hypoproteinemia (albumin, 
em/100 ml.) Additional 
vealed a (mean 
74u*), 
globin 


hematolog1 


microcytic corpuscular volume, 


hypochromic (mean corpuscular hemo 


concentration, 28%) anemia Urinalysis 
The blood nonprotein nitrogen was 
cholesterol, 149 mg 100 


retentiot was 


was negative 
32 me/100 mi.; the 
ml., 


1% at 40 minutes 


serun 


and the sulfobromophthalein 


lreatment consisted transfusion of 50 


l. of mistration 


sedimented red oral adn 


ferrous sulfate 500 mg. per day, 


inclusion in the chet The 
jlowing the 
Within two 

the hemo 

100 ml., 


albumin and 


oncentratior creased per 
ie total serur tein and 
ybulin 
al range. A 


nately two ind one-l lf ears 


concentratt returned to within the 


mination approxi 
after discharge 
from the hospital, on 6-17-55, showed all of the 
normal range 


Negro 


above values within the 


Case 2 \ month-old 


Data,* 


Serum Proteins, 
Gm/100 Mi 


Remark 
Glob 


ac 
100 Mi. 


E. 
100 MI Alb. 
43 


Transfusion of 
mi, sedimented 
red blood cell 


148 


% Sat.= Per cent Saturation of Tot al Iron-Binding Capacity 


been noted to have swollen eyelids for one 


had 


week and a swollen left arm for one day, was 


admitted to another hospital on 3-27-55 


(P.S.) in 


and seen 


by one of us consultation three days 


4 
~ 
j 
hr 
y Van 
ASI 
| 
4 
b.) Phe mother and the - 
e first trimester, hanges 
] ] 
isorders The in 
. | Sat. 
2-29-52 3.3 16 
l- 5-53 84 3.23 44 1.5 Ba 
- 
6-17-55 12.0 46 131 = 30 = 19 48 2.1 m 2 
55 


later.+ For two days prior to admission there 
id been occasional vomitting and the infant was 


listless and irritable. She was the product of a 


ull-term, third pregnancy. The mother was re 


ported to be anemic during the pregnancy, but this 


was believed to have been corrected before term 


"he patient’s development had been normal. One 


iid upper respiratory infection and an infected 


toenail at 4 months of age were the only past 


illnesses. There were no symptoms of urinary 


tract or gastroimtestinal disease. The infant’s diet 


consisted principally of homogenized milk: solid 
foods were refused 

Physical examination upon admission to the 
hospital revealed moderate pallor of the skin and 
mucous membranes, periorbital edema, and edema 
of the left forearm and hand The remainder of 


the physical findings were regarded as normal 


TABLE 2 
Date Hhb., Gin Ss. I 
100 MI Mr 100 MI 100 MI Sat 
6.2 $43 
s s ww 
178 
4-2 0. 
1-20-56 24 
2-13-¥ 10 2 413 
*For explanation of heading “e footnote to Table | 
Laboratory findings on entry are tabulated in the 
first line of Table 2, Marked hypoferremia 


(serum iron, 5y/100 ml.), hypocupremia (serum 
copper, 28y/100 ml.), and hypoproteinemia (alb., 
2.9; glob. 12 gm/100 ml.) were present. Addi- 
tional hematologic studies revealed a microcytic 
{mean corpuscular volume, 61,1") anemia 
Urinalysis was negative. The 24-hour total urinary 
protem excretion was 4 mg. The blood urea 
mitrogen was 14 mg/100 ml.: the thymol turbidity 
2.6 units, and cephalin flocculation was negative 
at 24 and 48 hours 

The infant's condition remained unchanged for 
the first three hospital days. On the fourth day 


+ Drs. H. Bonney and I. D Goldenberg, of the 
Southern California Permanente Medical Group, 
brought this case to our attention and have co 
operated in following her progress 
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the diet was changed to a meat-base formula 
On the following day, temperature elevation, re- 
peated vomitting, and heart failure evidenced by 
tachycardia and sudden occurrence of hepato- 
splenomegaly were noted. The infant was digita- 
lized and given a transfusion of 90 ml. of sedi- 
mented red blood cells. The signs of cardiac 
decompensation and other Symptoms improved 
within 24 hours, and the patient was discharged 
on the 10th hospital day. The subsequent course 
has been uneventful. Laboratory tests performed 
during hospitalization and on follow up visits are 
tabulated in Table 2. One month after entry 
(April 25, 1955) the hemoglobin concentration had 
risen to 10.6 gm. per 100 ml.: the serum iron and 
serum copper concentrations were in the normal 
range, and the free erythrocyte protoporphyrin 
concentration had decreased considerably The 


Summary of Hematologic Data* Case 2? 


serum Prote 


(im /100 


S. ( Remarks 
100 MI 100 MI Alt Glot 
2.2 t Determinations at 
referring hospital 
2s 2.9 2 Periorbital edema 
is 2.8 Meat-Base Formu 
la; transfusion 0 
mil sedimented 
ell 
Is2 
12 14 
4 
132 4.2 2. 


serum albumin and globulin concentrations were 
found to be within the normal range two months 
(May 25, 1955) after the patient was first seen 
Subsequently, her course has been uneventful 
Case 3—A 6%-month-old Caucasian girl was 
admitted to the Los Angeles Childrens Hospital 
on May 2, 1955, with a history cf edema of the 
face and eves for the preceding week. She was 
the product of a full-term, third pregnancy. The 
pregnancy reportedly had been complicated by 


t Meat-Base Formula manufactured by Gerber 
Products Co., Fremont, Mich This product con 
tains per 100 gm. approximately 7 gm. of protein 
derived from beef heart: other ingredients include 
sesame oil, sucrose, tapioca, calcium citrate, tri 
calcium phosphate, and vitamin D;. As ordinarily 
prescribed this product is diluted with an equal 
quantity of water 


| 
J 
4 
| 


rita- 
edi- 


lac 
ved 
ged 
irse 
ned 
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try 
had 
and 
nal 
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pressure. The infant was de 
a 15-hour labor. Birth 
Her develop 


von ot blood 
ed with forceps after 
(8 Ib. 15 oz) 
There had 
and there was no history of symp 


t was 4056 em 


been no pre 


had been normal 
illnesses, 
urinary or gastrointestinal-tract 


had fed until 


age, 


referrable two 
se. The 
444 months ot 
At the time of admission she con 


of milk per day; solid 


been breast 


then changed to whole 


intant 


feedings 
1 32 to 48 oz 


food 


ke was poor 


vsical examination showed a pale, obese, 11 


le infant with edema of the upper eyelids 


Minimal pretibial edema was noted also. A sys 
murmur was heard along the left sternal 
1eT The liver was palpable 1 cm below the 


132 mg/100 ml.; the thymol turbidity 5 units, and 
the cephalin flocculation was negative at 24 hours 
at 48 hours 

period ot 
During this time the intant 
milk 


as that used by the mother 


and + 
\ one-week 
May 2 was followed 


fed 


ybservation beginning 


was exclusively homogenized obtained 
from the same source 
In the middle of this period 
penicillin 


the 


a mild diarrhea de 
streptomycin 
the 


veloped for which and 


were administered. At end of that time 


orbital and tibial edema had cleared but the child 


looked extremely pale and showed clinical evi 
dences of hemoconcentration Blood = studhes 
that time (5-10-55) are listed in Table 3 


To correct the anemia and hemoconcentration but 


to minimize alterations in the abnormalities ot 


x 
ostal margin. The remainder of the physical copper and globulins by parenteral therapy, 4 
eamination was normal. Laboratory findings on special transfusion was prepared, One hundred 
3.—Summary of Hematologic Data* Case 
oa 
cx 
Serum Proteins 
Gm/100 Mi 
100 M} Mm 100 Mi 100 Mi. Sat 100 M! 100 Mi Alb Gilot 
2 3.11 ‘ 3 124 2 Os Periorbital ‘ 
pretibial ede ag 
milk il 
tinued 
= 
blood" transfu 
it 
tad 
x2 ‘ 
é 
‘ 
& 
4.22 os 2 ‘ 
‘ 4.71 414 2 ‘ is 
*For explanation of headings, see footnote to Table 
imission are tabulated on the first line ot fable twenty milliliters of packed erythrocytes w ished 
} «These showed marked reduction in the concen two times with two volumes of tsoton saline 


trations of serum iron (47/100 ml.), serum cop 
serum (alb. 2.1; 


per (377/100 
slob.. 0.8 ¢m/100 ml.). There was also reduction 


n the mean corpuscular volume (71°) and mean 
concentration (24%) 
was The blood nonprotein 


was 32 me¢/100 ml.; the serum cholesterol, 


ml.) and proteins 


irpuscular hemoglobin 


rinalysis negative 


utrogen 


saline contaim 


were reconstituted with 120 ml. ot 


; 


Analy sis 


ing 15 gm. of human serum albumin 

this “blood” revealed a packed cell volume ot 50%, 
“serum” iron concentration of 779y/100 ml. and 
“serum” copper concentration ot 162y/100 ml 


was administered to the 


blood 


material, 180 ml 
Studies of 


Of this 


patient her two days later 


lat 
re- 
by 
ato- 
il 
= 
q 
at 
n ay 
Wee 
a 
= 
‘ 
57 


1? 


globin concentration, a suggestive increase in the 


serum iron, and no change in the copper or protein 


neentrations ( Table 3) 


\ moderately severe, nonspecific diarrhea was 
present from May 10, 1955 to June 30, 1955 


During this time \ 


severer, it Was necessary to administer parenteral 
fluids and to change the feedings to boiled skimmed 


mull The diarrhea continued intermittently for 


ipproximately 


period when it had subsided (May 18 to 26), 


opper sulfate (0.5 ml. of a 1% solution) was 


} 


nistered orally each day Che rapid increase 


! er serum copper concentration associated with 


is therapy 1s shown in Table 3 


During the fourth to sixth weeks of this period 
June 1 to 14, 1955) the dix subsided. Meat- 


Base Formula, 24 to 30 « lay, and ferrous 


ulfate, 0.5 gm. per day, was given by mouth 
However, after Tune 14 the diarrhea increased in 
severity and the patient was again treated with 
parenteral fluids and a transfusion of 100 ml. of 
whole blood. Feeding was resumed with protein 
ilk, then boiled skimmed milk, and subsequently 

banana-base formu was given. After this 
treatment the child was clinically well 


and immediately after this period, ob 


servations pertinent to this investigation were not 


practic nd the child was not studied until Sept. 
23, 1955, when she was again admitted to the 
hospital witl severe iro! deficiency anemia 
During the interval from June 30 to Sept. 23, the 
child was regarde s well. Her diet included 
c te amounts of protein and mineral-contain 
1 vl Che milk intake was limited to one 
juart pet la There had been no recurrence of 
Harrie Ne e\ ence ( blood loss had been 
Cn rn second ad m to this hospit l, on 
sept. 23, 1955, marked pallor and a soft, systolic 
urmur were not The results of the initial 
laborator exXamimnatons ire listed Table 3 
\ reatly reduced seru iron concentration (9 
100 ml.) was present The serum copper con 
entratior was normal 142y/100 mi.) The 
serut proten concentration was moderately re 


luced (alb., 3.8: glob 12 gm/100 mil.) The 


anemia Was microcytic (mean corpuscular volume, 
57°) and hypochromic (mean corpuscular hemo 
globin concentration, 24%). No source of blood 
loss was tound Roer trenogt pl ic studies of the 
upper and lower gastrointestinal tract were normal 


Che first stool examined showed a trace of occult 
blood but two subsequent specimens were 


tive. Urinalysis was normal 


The patient was treated with an intramuscular 


iron preparation im an amount equivalent to 300 
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12-55) revealed a 3-gm. increase in the hemo- 


the diarrhea became 


eight weeks, until Tune 30. During 
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mg. of elemental iron.§ There was a prompt 
reticulocyte response and the hemoglobin concen- 
tration increased 3.6 gm. one week after therapy 
was initiated. The patient was discharged on 
Sept. 30, 1955 

\ follow-up visit on Feb. 2, 1956, revealed a 


normal child. The laboratory findings were all 


within the range of normal (Table 3) 


Case 4—A 9-month-old white bov was referred 
to this laboratory on July 1, 1955. Although 
“swelling of the eyelids” had been present during 
the preceding four months and an “anemia” had 
been suspected for two months, the mother had 


considered the infant well. He was the product 


of a full-term, first pregnancy. The birth weig 
was 4170 gm. (9 Ib. 3 oz.). The pregnancy, labor, 
and delivery were uncomplicated. His development 
was regarded as normal. One upper respirator) 
infection and one episode of mild diarrhea were 
the only past illnesses. There was no history 

Symptoms suggestive of urinary-tract disorder 
The infant had been breast fed for two and one 
half months then changed to whole milk feedings 
Strained foods had been added at about 3 mont! 
of age and chopped foods at 6 months of age 
However, owing to “food allergies” the solid food 
intake was severely restricted. From about ¢ 
months ot 


ge until seen by us, he had been re 
ceiving 32 to 40 oz. of milk per day 


On physical examination the baby was noted 


to be bese and irritable There was moderate 


pallor and periorbital edem: There were 
other significant physical findings rhe initial 
laboratory findings are tabulated on the first line 


ot Table 4 These showe 1 marke 


hypoferre 
(serum iron, 11y/100 ml.) and pocuprer 
(serum copper, 6d) 100 ml.). The mean « pus 
cular volume was 60y* and the mean corpuscul 
hemoglobin concentration 24%. A test of the stoo 
was positive tor occult blood. Urinalysis was 
negative 
Che initial treatment consisted of intramuscular 
injections on 1 and 5, of 2? an jror 
dextran complex, ¢ equivalent to 100 1 of 
elemental iron In addition, five drops of a 1% 
solution of copper st te twice ; lay Was pre 


scribed. Initially, the diet was not altered. Withir 
a week, on July 8 there was marked improvement 
in the serum iron and copper concentrations an 
the hemoglobin increased 2 gm. per 100 ml. (Tabl 
+). The serum protein concentration did not 
prove. Meat-Base Formula in place of whole mill 
was prescribed. Two weeks later the hemoglobir 
had risen to 10.1 gm/100 ml., but the hypoferren 


and hypocupremia had returned and the serur 


§$Imferon, courtesy of Benger Laboratorie 
Holmes Chapel, Cheshire, England 


Imferon, courtesy of Benger Laboratories 


Holmes Chapel, Cheshire, England 
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. 
4 
| 
t 
4 
= 
id 


— 


PER DEFICIENCY IN INFANTS 


TABLE 4—Summary of Hematologic Data,* Case 4 


Serum Proteins 
| Gm/100 M1. 
rate Hb., Gm/ RBC, 8. I., T.1.B.C.,| 8. C., 9 Pu Remarks 
| 100 Mi 10*/Mm.?* 100 Ml. 7/100 M1. | Sat. 100 Mil. 100 Ml Alb Glob 
| ~ -— 
55 | 68 4.66 ll ts 214 2.0 Os Swelling of eyelid 
previous 4 mo, 
200 mg. Fe. I. 
cus0. 1% & 
lution orally 
8-55 8.8 92 108 183 1.7 os Meat-Base Formu- 
la prescribed 
22-55 10.1 4.91 23 60 123 1.6 Os Milk intake re- 
stricted 
& 9 10.7 4.75 34 414 x 60 65 2.7 0.9 
is 12.7 4.54 68 117 31 3.2 09 
7-56 13.8 3s 122 156 1 4.7 ] 


r explanation of headings, see footnote to Table 


tein concentration remained unchanged. It was Breast feeding was discontinued alter two 
ined that the mother had not given the weeks, because of the mother’s “nervy yusness.” An 
Meat-Base Formula and only sporadically admin evaporated milk formula was giver until the 
ered the copper sulfate solution, Admission to infant was 5 months of age Subsequently, 
hospital was strongly recommend d. The homogenized milk was the principal item of her 


Solid 


diet Up to 48 oz. per dav were ingest 


her refused this advice but agreed to limit the 
ided to the diet atter the fourth 


nt’s milk intake and to give the Meat-Base foods were added 
ula. The subsequent course was one of ver) month but were refused or given in minimal 
ial improvement The hemoglobin, serut quantities. Meat alone was refused, and pre 
. and serum copper concentrations were no! pared meat-veget thle combination was taken only 
when the patient was seen three months later if added to other bottle feeding Six months 
Oct. 18. 1955). At that time the serum proteins hefore being sent to our laborator the infant was 
isen to 4.1 gm/100 ml. Table 4 lists the found by the physicians in charge ve hypo 
es in the erythrocyte and hemoglobin con romic ane nd 1 ked re tion in he erut 
tions and the blood chemistry values during protei neentrati At tl time the blo urea 
P\ When the patient was last studied, nitrogen was 10.5 1 100 ml the serur es 
Marcl 7, 1956, no abnormalities were present terol. 145 me/100 the icteru ndex 1.6, und 
Case 5 \ old white girl was reterre tie flex me itive t 4 
ur laboratory on Jan. 3, 1956, with a history o1 l t 48 hours 
nd “puffiness of the eyes” for the precea ly : ttempt to correct the poprotein 
8 months. She was the product of a first ehvdrated milk, equivalent to approximate | 
enancy The pregnancy was of approximatel on 36 f milk protein, was added to the 
{ weeks’ duration and was complicated | milk feedings per day An iron preparation als 
erately severe toxemia during the month prior was prescribed. Administration of the iron prepa 
leliverv. The child was delivered with the aid ration was sporadic because the mother d t 
low forceps after a seven-hour labor. The want to “upset her child.” The aner persisted 
rth weight was 2340 em. (5 Ib. 3 oz.) Her nd the serul protein concentration remaine 
evelopment was normal. An ear infection witl unchange The patient was then referred to us 
liarrhea, at 5 months of age, was the only m lan. 3. 1956 

st illness The child had been found to he 1 

The physical findings were normal! except tor 
to dust, feathers, and woo! Tests tor : | Lal 
allergies had not been performed. Symptoms 

findings on admission are tabulated ot the first line 
urinary-tract disease had not been noted * 
of Table 5. These showed marked hypoterremia 


(serum iron, 10y/100 ml.), hypocupremia (serun 


247/100 1 ) and hypoprotememia alb., 


Dr. Tohn Diamond, of the Southern California 


Permanente Medical Group, referred this patient copper, 
us and assisted in the follow-up observations ?1- glob. O8 gm/100 ml.) \ microcytic (mean 


ae 


Vi 
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* For explan 


corpuscular volume, 72y*), hypochro 


corpus¢ ular hemoglobin 


concentrati 
anemia was also present 


Meat-Base 


questioning 


Urinalysis w 
Formula was prescribed 


on the nother, it was 


a minimal 
than 1 


amount 


oz. per day. In addition, 


was again advised but, 


During this home management 


were no changes 


he« ked on 


in 
Feb. 4 


ier laboratory fine 


March 17. The 


am 


erum 


Tron 


tem ( 
De fictenc 


Observation 


Serum Globulin, 
Albun 


Gm /100 MI 


The initial observations 
Hospital laboratory 


or Case 1 were obta 
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but 
apparent 
had been given, probably less — in 
ferrous 
as before, not given 


regimen, 
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Summary of Hematologic Data.* Case 5 


Serum Proteins 
Gm/100 M1 
I. B. ¢ % Ss 
100 M1 Sat. 


E y 
100 Mi 


Cc. Remarks 
100 M1. Alb Glot 


19 Pufliness of eyes 
15-25 em milk 
protein added 


diet 


First visit 
laboratory 


Hospitalized; 
protein diet 
restricted 


mic mean then 
24%) 


as negative 


hospitalized and placed on a carefully 


Milk 
On April 3, after two weeks 
on this diet, there was a 


on, served high-protein diet was restricted to 
1 pt. or less per day 
later, marked in the 
serum protein concentration paralleled by a 
the iron-binding The 
copper had to normal 
Che hemoglobin concentration rose to 11.4 gm/100 


ml. 


increase 
only 


rise 


serum “apacity serur 


sul fate concentration increased 


there She was discharged from the hospital wit! 


lings, when instructions to the mother to continue the hospital 


child was diet. A follow-up study, five weeks after dis 


mcentrations in live Infants with Hypocupremia and 
vy Anemia Before and After Treatment 


Gm/100 M1, ‘rum Globulin, Gm/100 Ml 
Serum 


Albumin 
Gm/100 M1 


24 


ned with the use of a salt fraci:onation method at the Hollywood Presbyteriar 
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Date Gu S. I 1 
OOM Mu 00 MI 
(24-4 
= 
9-24-55 2.0 
q 
2-22. 4.2 4.17 1s 1.3 
140 10 159 5.7 24 213 2.1 Os | | to our 
5.06 22 287 7.7 31 165 2.0 
2- 4.2 23 223 10 is 24 0.8 
0.2 1.38 $1 vl 16 57 82 2.6 1.1 gh- 
| milk 
3-0 11.4 1.06 ll 117 4.1 1.6 
} 
Lnitic) < Final Observations 
Case 
1 1 8 a: 8 
\* 2.0 o7 0.7 00 4.1 0.1 0.6 1.2 0.8 $ 
2 2 0 0 os 0.2 3.5 6.3 oO 0.7 0.6 
; 3.2 0.3 0.9 13 0.9 
4 Os 0.2 Os 7 0.3 4.0 0.2 0.7 1.0 0.4 
5 OS $ OS Os 03 || 03 OS 1.0 0.6 
a* 
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from the hospital, showed the hemoglobin 
ration to be 114 gm/100 ml; the serum 
centration had dropped to 36y/100 ml. 
copper concentration was normal (114 
and the serum protein concentration 
moderately decreased (alb., 3.6; glob., 1.5 


eyes ml.) 


Summary of Cases 


se reports of five patients with hypo 
mia and hypoproteinemia associated 
iron deficiency anemia have been pre 


our | 


- ts ranged in age from 6/2 


\t the time of diagnosis the pa 
to 9 months, 

the exception of Case 5, who was 2% 
rs old. All had in common a mild degre¢ 
dema and pallor. There were no other 


All had mod 


te anemia (hemoglobin, 5.2-7.5 gm/100 


mificant physical findings 


microcytosis (mean corpuscular vol 
60-743), and profound reduction 1n 
(4-18 


100 ml.) and serum copper (24-68 y 100 


concentrations of serum: iron 
Che total serum iron-binding capacity 

ob vas not increased (159-368 7/100 ml.), 
| to : it the per cent saturation was greatly re 
ae wed (1.3%-5%). The serum protem con 
entration Was reduced in all cases (2.7-3.8 

100 ml.) 


nal ence of renal’ or hepatic dysfunction In 


There was no laboratory ev! 


100 | instances correction of these deficiencies 
was achieved with dietary changes Recut 
ences of the syndrome have not been noted 

Except for the initial observation on Case 
|, the serum proteins of all patients were 
tudied with the use of filter-papet electro 
shoresis. The results at the time of initial 
bservations and following therapy are sum 
irized in Table 6. Comparison of the 
electrophoretic values for albumin concen 
trations with those obtained by the salt 
fractionation method, listed in tables 1-5, 
reveals a greater reduction in the albumin 
fraction. Table 6 also shows, on compari 
on of the initial observations with the 
final observations, marked reduction in the 
erum gamma globulin concentrations 
However, changes in the alphay, alphag, and 
ossibly the beta fractions are not distinctly 


ident. 


Comment 
The copper method « mployed in this study 
measures 


With this 


method applied to 34 normal adult men, a 


and in that of normal infants * 


the total serum (plasma) coppet 


mean value of 92 7/100 ml of serum with 


a standard deviation ot 21 was found 
95% of the values ranged from 57 to 134 

100 ml. In a group of 21 carefully se 
lected normal adult women, a mean serum 
value of 104 +13 y/100 ml. with a range 
of 85-128 »/100 ml. was found In the 
mean value 
100 ml., with 
100 ml.) 


study of normal infants the 
at 4 months of age was 100 
numerous low values (below 80 4 
observed prior to that time In infants ove! 
$ months of age the upward slope of the 
approximately 140 


mean curve reached 


100 ml. at 8 months of age, where it re 
mained throughout infancy the spread of 
values was from 85 to 200y. In general, 
it appears that from 4 months of age 
throughout infancy the normal serum cop 
per concentration 1s within a maximum 
range of 80-180y.7 In 17 older children 
3 to 10 vears of age, a mean \ luc f 
with a range of 99-188 y/100 ml 
found 

The initial serum copper concentrations, 


in the patients presented in this report, 


were, according to increasing values, 24, 28, 


37. 43, and 68 y/100 ml 
corresponding to these values were 30, 7! 


6%, 9, and 9, 


The ages in months 


respectively All of these 


‘nfants also had a moderate degree of iron 
deficiency anemia This. ordinarily, 1s as 
sociated with greater than normal coppe1 
Bush 7° 


copper concentration in 24 cases of iron 


concentrations reported plasma 


deficiency anemia in infants; he found a 


mean value of 168 y/100 ml. with a standard 
deviation of +37. It can be concluded, 
therefore, first, that each of the infants 
studied by us had an initial serum copper 
concentration below the lowest limits of 


normal for their age, and, second, these 


*Reference 4; Sturgeon, P., unpublished ol 


servations 


+ Sturgeon, P unpublished observations 
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values deviated in a direction from normal 
opposite to that associated with uncompli 
cated iron deficiency anemia. 

The profound hypocupremia observed in 
these five cases of iron deficiency anemia 
indicates that nutritional copper deficiency 
the 


total body copper or tissue copper have not 


occurs in human. Although studies of 
been performed in our cases, the probabil 


ity that the hypocupremia represents an 
actual ce ple tion of total body copper 1s sug 
facts It 


tablished that in experimentally produced 


gested by several has been es 
and naturally occurring copper deficiency 
in animals there is an associated hypocu 


The 


concentration 


prema, increase in serum 


rapid 


copper observed in cases 3 
and 4 after oral administration of copper, 
and after “correction” of the diet in cases 
1, 2, and 5 would indicate that the observed 
hypocupremia was not a manifestation of 
failure to assimilate copper or to mobilize 
copper from stores or to retain copper. The 
occurrence of this condition in association 
with other evidences of malnutrition, in- 
cluding iron deficiency and hypoproteinemia, 
also suggests its nutritional origin. Fur 
thermore the fact that it is observed during 
a period of rapid growth with the organism 
subsisting almost exclusively on milk, a 
food known to be an extremely poor source 
of copper,'* is also consistent with the above 
conclusion. In contrast, in the hypocu 
premia associated with nephrosis, Wilson’s 
disease, and sprue other mechanisms are 
more likely to account for the low serum 
copper concentration. nephrosis, 
creased urinary excretion of copper in as 
the proteinuria been 


demonstrated.® In Wilson’s disease there is 


sociation with has 
a marked reduction or absence of circulat- 
ing the alphag-globulin 
with which 96% of the plasma copper is 


ceruloplasmin,?* 
bound,” and in addition there is increased 
urinary excretion of copper in association 
Only 


studies of copper metabolism in sprue have 


with aminoaciduria.® preliminary 


been reported, but it has been suggested 


# References 16, 26, ? 


and 27 
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that the low serum copper concentration in 
the result of impaired ab 
sorption of copper.‘ The patients described 


these cases is 
in this report showed none of the urinary, 
optic, or other clinical and laboratry abnor 
malities associated with these latter condi 
tions. It seems apparent, therefore, despite 
the prevalent belief that nutritional copper 
deficiency is not observed in humans, that 
it does occur in infants. 

The existence of naturally occurring cop 
per deficiency in animals has been reported 
from many parts of the world. This sub 
ject has been reviewed by Marston.27 A 
hypochromic anemia, changes in the coats 
of the animals, cachexia, decreased milk 
production and reproductive capacity de 
velop in copper-deficient cattle. In addition 
to the above changes, a demyelinating dis 
order of the nervous system is associated 
with copper deficiency in sheep. The vari 
ous disorders are readily corrected by oral 
or parenteral administration of copper. 

Copper deficiency in swine * and in ro 
dents *° can be produced experimentally by 
feeding copper-deficient diets and can be 
corrected by addition of copper to the ra 
tions. In these animals a microcytic, hypo 
chromic anemia refractory to iron therapy 
is observed. In the dog copper deficiency 
also may be induced experimentally ; how 
ever, the associated anemia is normocytic 
and normochromic.*® In the hypocupremi: 
States in animals, alterations in serum pro 
and the asso 
upon _ the 
administration of copper without additional 
iron. 


tien have not been reported 
ciated anemias are corrected 
In contrast, in our cases the iron de 
ficiency anemia seems to be fundamentally 
the result of a total depletion of iron 
rather than a failure, secondary to the cop 
per deficiency, to utilize it for hemoglobin 
formation. Our studies are not adequate, 
however, to demonstrate whether the anemia 
and/or hypoproteinemia can be corrected 
independently of the hypocupremia in any 
such 


or all cases. 


The interrelationship of the several de 


* References 16 and 17 
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ER DEFICIENCY IN INFANTS 


ncies is not clear from the presently 
ible data. the hand, it 
sible that this syndrome represents co- 


xisting, 


On one is 


totally independent, multiple de- 


the 


other hand, pos 


nc1es On the 
ty of one of the deficiencies being more 
fundamental to the not 


The answer to these considera 


others 1s 


ess 


nable 
. will have to await further investiga 


Etiologically, it appears quite likely that 


ritional inadequacy is of primary 
wortance in the pathogenesis of this hypo 


However, the possi 
that 


content at 


syndrome, 
factors such as reduced body 


birth and rapidity of 


growth may play a part in the development 


f this syndrome, must also be considered 
These factors are of importance in the path- 
wenesis of iron deficiency anemias, espe 
from 6 to 18 months of 


ially in infants 


ie"! From the nutritional standpoint it 
s also important to consider a possible role 
plaved by modern food processing in the 
ypparent relatively recent appearance of this 
syndrome. Preliminary investigations have 
revealed that one of the objectives in milk 
processing is to prevent access of copper 
to the milk at any stage of production. 
[his, apparently, is desirable because copper 
has a deleterious effect on the storage and 
favor of milk.82 The probability must also 
be acknowledged, however, that this syn 
lrome has always been in existence, but 
nly because of the recent advent of tech 
niques for the measurements of copper con 
centrations applicable to clinical material, 
ind especially infants, has the condition 
been brought to light 

The role of blood loss deserves considera 
tion as a possible etiology in two of these 
cases. In Case 3 the reoccurrence of pro 
found iron deficiency anemia following its 
wrlier correction by blood transfusion in- 
that blood did that 


nfant. At that however, was 


neither hypoproteinemia nor hypocupremia, 


licates loss occur in 


time, there 


uggesting that the reoccurrence of anemia 


leveloped independently of the original 


‘ase 4 also had positive tests for 


syndrome, 
Furthermore, 


occult blood on two oceasions 
it is of imterest to note in the report of 
De Vries ** on copper studies in adults there 
were eight cases with significant degrees 
of hypocupremia observed in persons who 
had iron deficiency anemia presumably sec 


ondarv to chronic blood loss 


Summary and Conclusions 


Although it has been generally accepted 
that the serum copper concentration ts nor 
mal or elevated in iron-deficiency anemia, a 
of the literature reveals that some 
been 


review 
cases of iron-deficiency anemia have 
described, Ww hich were associated with a de 
gree of hypocupremia. 

Preliminary observations in this labora 
tory have revealed five cases of iron de 
with marked 


in serum copper concentration 


it 


anemia associated 


ficiency 
reduction 
In association with the hypocupremia and 
iron-deficiency anemia were findings of ce 
creased serum iron concentration, dec reased 
per cent saturation of the iron-binding pro 
and increased free erythrocyte proto 
porphyrin concentration. The total serum 
iron-binding capacity was not increased. 
In addition, the five cases had markedly 


tein, 


diminished serum proteim concentrations 


Peripheral edema was a presenting finding 


in each case 
Of probable etiologic importance to 


‘eR 


all 


cases was their subsistence on a milk chet 


to the exclusion of practically all other 
foods 

Preliminary therapeutic tests indicate that 
the various deficiencies can be corrected 


simultaneously with an improved diet and 


that, independent of the othet deficiencies 
the hypocupremia can be corrected with the 


oral administration of copper sulfate 


Addendum 


Subsequent to the completion of this 


study, M. E. Lahey and W K. Schubert 
of the Children’s Hospital, Cincinnati, re 
ported on May 8, 1956, to the Society for 
their observation on 
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new deficiency syndromes occurring 1 in 
fancy.” They described five infants from 6 
to 15 months of age with serum copper 
concentrations of 37 to 61 y/100 ml. who 
ilso exhibited hypoproteinemia and iron de 
ficiency anemia. They found no excessive 
urinary loss of protein, amino acids, iron, 
or copper. Appropriate dietary therapy re 
stored their patients to normality 

Through personal communication it has 
ilso come to our attention that R. A. UI 
strom, N. J. Smith, and Ek. M. Heinlich, of 
the University of California School of 
Medicine at Los Angeles, have had under 
observation instances of hypoproteinemia in 
infants. As in our cases and those of Lahey 
and Schubert, reduced serum copper concen 
trations were observed. However, their ma 
terial, to be reported in this journal, involves 
younger infants whose diets were consid 
ered adequate, and dietary therapy did not 


restore their patientse to normality. 
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y Management of Snguinal in 
Snfancy and Early Childhood 


referred to as the funicular portion, and 


CHARLES W. McLAUGHLIN JR., M.D., Omaha 


and 
CLYDE KLEAGER, M.D., Hastings, Neb. 


Inguinal hernia is the commonest con- 
genital lesion for which infants and children 
have been admitted to the Children’s Me- 
morial Hospital since its opening, in 1948. 
Its incidence exceeds three to one the next 
commonest abdominal lesion, which is con- 
genital hypertrophic pyloric stenosis. Among 
24,000 admissions to the hospital from 
March, 1948, to July 1, 1955, 521 admis- 
sions have been for inguinal hernia, in con- 
trast to 176 for congenital hypertrophic 
pyloric stenosis. 

It is our purpose to summarize some of 
the pertinent clinical aspects of this common 
lesion and our experience in its manage- 
ment. The material consists of a consecutive 
series of 298 inguinal hernias seen in 240 
infants and small children on the surgical 
service of one of us (C. W. MclL.) and 
which have been critically reviewed. 

Embryology 

lhe processus vaginalis appears as a sac 
like pocket of peritoneum on each side of 
the ventral abdominal wall during the third 
month of fetal life. By the sixth fetal 
month, the testis comes to lie near these 
peritoneal processes but maintains a retro 
peritoneal relationship. Without change in 
position of the testes or their relationship 
to the peritoneum, the processus vaginalis 
elongates through the inguinal canal into the 
scrotum. The proximal portion of the proc- 
ess, which lies within the inguinal canal, is 
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the distal portion, which later forms the 
tunica vaginalis of the testes, is referred to 
as the testicular portion. 

The gubernaculum testis extends dorsal 
to the peritoneum from the caudal pole of 
each testis to the scrotal wall. Between 
the seventh and ninth fetal months and 
coincident with the shortening of the guber 
naculum the testes descend rapidly behind 
the peritoneum to the depths of the scrotum 
Here each is covered with a reflected fold 
of the processus vaginalis, known as the 
tunica vaginalis of the testicle. 

Within a few months after birth the 
narrow canal which connects the testicle 
with the abdominal cavity becomes obliter 
ated and the lining epithelium absorbed 
When the normal developmental pattern 
has_ been completed, the testicular portion 
of the processus vaginalis forms the tunica 
vaginalis and is a closed sac. The funicular 
portion is obliterated, and there is no peri 
toneal tissue between the two serous cavities 

When the funicular portion of the pro 
cessus vaginalis does not become obliterated. 
a potential hernia exists, and when in addi 
tion the testicular portion or tunica vaginalis 
of the testis remains patent, a complete 
funicular hernia is present. Herzfeld ! states 
that the partial funicular type (incomplet: 
hernia) accounts for 959% of the cases 
while complete funicular hernias were not 
in only 5% of his cases. In our reporte:| 
series 68% were of the partial funicula 
type and 32% complete (Table 1). 


Sex Incidence and Age 


Inguinal hernias occur in males and fi 
males in a ratio of approximately 10:1. |: 
our series there were 217 males (90.4% 


& 
| 
q 
| 
7 
3 
. 


and 
the 


ed to 


orsal 
le of 
ween 
and 
iber 
hind 
tum 
fold 


the 


the 


(INAL HERNIA 


1.—Jnguinal Hernia m Infancy and 
Childhood—Series of 240 Patients 
with 298 Hernias 


No. 
Cases Per Cent 

HKovs 217 
iirls 9.6 

resenting hernia (right) 161 67 
Presenting hernia (left) = 50 21 
Presenting hernia (bilateral) 29 12 
incomplete inguinal hernia : 202 68 
Complete inguinal hernia... 96 32 


ind 23 females (9.6%). This is as reported 


yy Larsen,* Herzfeld.) Gross,* and Wat- 


It is common for the hernia to be noted 
it birth or during the first few months of 
ife when straining or crying makes its pres 
nee evident. Some of the largest hernias 
have been seen in small infants and three 
n premature babies. 

lhe ages at which the hernias were first 
noted in this consecutive group of 240 small 
patients are listed in Table 2. -It is signifi 
cant that 58.7% were evident by the end of 
the first year of life and within the first 
three years 78.1% were admitted for treat- 
Although this analysis covered the 
pediatric age group from birth through 12 


ment. 


years of age, in only 21.9% of the patients 
almitted did the hernia make its appearance 


after the third year. 


Bilateral Hernia 
In our series of 240 patients, 29, or 12%, 
presented on initial examination with bilat 
eral hernia. In 20 of the 29 cases the hernias 
ppeared simultaneously on the two sides, 
While in 9 instances the second hernia ap 


ired before the child came to surgery or 


was unknown to the mother until the initial 


surgical examination. 


2.—Inquinal Herma in Infancy and 


ABLE 
Childhood—Age at Which Hernia 
First Noted m Series of 
240 Patients 
No 
Age When Hernia Noted Cases Per Cent 
Birth-1 mo 37 15.3 
$ mo 16.! 
mo 45 18.6 
fimo.-1 yr Aa 
3 vr 46 19.4 


240 100.0 


In the course of this study a total of 16 


patients returned with a second hernia, 
which made its appearance on the opposite 
side after primary repair of one side. In 12 


of these 16 cases the primary hernia was on 
the right side and in 4 on the left side. 
The interval between the initial unilateral 
repair and the appearance of a hernia on 
the opposite side was as follows: one year 
or less, seven cases; one to two years, one 
case; two to four years, five cases; over 
four years, three cases. 

Because of this unhappy experience, 
which is most distressing to all, we have 
recently recommended and practiced routine 


TABLE 3.—IJnguinal Hernia in Infancy—Results of 
Blind Exploration of Opposite Side with 
Single Primary Hernia in Series of 
Forty-Eight Infants from Birth to 
Three Years of Age 


No 
Cases Per Cent 

Primary hernia—rieht___. 37 
Hernia found on left 17 46 
Hernia not found on left 20 “4 
Primary hernia—left 11 
Hernia found on right & 73 
Hernia not found on right 3 27 


exploratior of the opposite side in all uni 
lateral hernias under the age of 3 years, 
providing the general condition of the in 
fant was satisfactory 

The results of routine exploration of the 
opposite side in a series of 48 infants under 
Table 3 


While the series is small, it is noteworthy 


? 


the age of 3 years is listed in 


that in 25 instances, or 526 of the group, 
a second definite hernia was found and cor 
rected at the primary operation, preventing 
the necessity of a subsequent procedure 
It is to be emphasized that in none of these 
cases could a hernia be demonstrated on 
the blindly explored side prior to surgery 
Our figures support the findings of Swen 
son,* who observed that there was a highe: 
incidence of a second hernia found when 
the initial hernia was left-sided, as would be 
anticipated in view of the known greate1 


We firmly 


frequency of right-sided lesions 


* Swenson, O.: Personal communication to the 


authors 
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Mm experienced hands explora 


believe that 


tion of the contralateral side is a sound sur 


gical practice if the infant ts under 3 year 


of age and in good general condition 


Diagnosis 


Phe diagnosis in itself is not usually dith 
cult, although the small size of the inguinal 
canal does not lend itself to digital exam 
ination as in the adult. A definite diagnosis 
; substantiated when an abnormal swelling 
is noted in the inguinal region during crying 
or straining which readily disappears with 
digital pressure over the canal 

Occasionally the hernia cannot be seen 
to come down or be apparent with crying 
during repeated examinations. In such cases 
the history given by the mother of a recur 
rent swelling in the inguinal region which 
disappears spontaneously is of great value 
Further information is obtained by gently 
compressing the cord structures in the canal 
beneath the examining finger and noting a 
thickening of the cord in contrast to the 
opposite side. We have in seven instances 
operated on children under such circum 
stances, and a definite hernial sac was found 
In every Case, 

There are, however, certain pitfalls in 
differential diagnosis of an inguinal mass 
lransillumination as an aid in the differen 
tial diagnosis in infancy is hazardous and 
unreliable, since an inguinal hernia con 
taining bowel may readily be confused with 
1 hydrocele. Compression of a communicat 
ing hydrocele with a large opening may yield 
an effect similar to the reduction of a 
hernia, and, conversely, an incarcerated 
hernia in the infant on compression will not 
change in size, as is also true of a hydrocele 
of the cord. The general appearance of the 
infant and the history obtained from the 
mother are of great value in these confusing 
problems, and we believe one must explore 
a small number of these cases where the 
diagnosis is in doubt 

An undescended testis can be easily dif 
ferentiated by its absence from the scrotum, 


and this diagnosis itself practically confirms 
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the presence of a patent or potential hernia 
Dillon® reports that in a series of 30 
orchiopexies a potential or patent processus 
vaginalis was present in every instance 
One of us (C. W. McL.) has observed only 
2 cases in a series of 150 patients coming 
surgery for undescended testes in which 4 
patent sac was not present. In both instances 
the testis was completely intra-abdominal 

Suppurative inguinal adenitis may some- 
times be extremely difficult to differentiate 
from an incarcerated inguinal hernia. Here 
one must depend much on the history ob 
tained from the mother regarding duration 
of the mass, coupled with a careful search 
for a primary site of infection. We have 
on two occasions operated upon a suppura 
tive inguinal adenitis with a preoperativ 
diagnosis of incarcerated hernia. In both 
instances the mass was said to have been 
present less than eight hours. In reviewing 
the records of these two infants, the whit 
blood cell count was moderately elevated in 
both, and it was noted that the skin over 
the mass assumed an abnormal pink blush 
with the soap-and-water preparation rou 
tinely used in surgery, suggesting this pos 
sibility. 


Incarcerated Hernia 


Incarceration is the common complication 
of hernia in this age group, whereas tru 
strangulation rarely occurs. Herzfeld? r 
ports the ratio of uncomplicated to incarcet 
ated hernia to be about 10:1. In our series 
there were 26 infants admitted with incar 
cerated hernia, representing 10.8% of the 
group, but we have not as yet observed 
strangulation of bowel in an infant hernia 

Thorndike and Ferguson® found 
ceration in 106 of 1740 inguinal hernias but 
only 5 cases of strangulation. MacLennan 
in an extensive review of 10,384 case 
found only 4 true strangulations. 

The greatest incidence of incarcerati: 
occurs during the first 6 months of lif 
rapidly diminishing with growth, and to 
quite rare after the age of 6 years. 


In our series of 26 cases, 19, or 73 
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nales. and 7, or 27%, were females 
sex ratio is somewhat different from 
isually reported, which states that 90% 
re are seen in males. Our experience 
ms that of other observers in that 
of the group were under 3 months of 
mm admission and no cases were seen 
3 years of age (Table 4). 
five cases in this series the hernia re 
| while anesthesia was being induced, 
the operation was proceeded with in 
small 


those patients in 


h instance. In 
h reduction occurs after hospital admis 
prior to surgery, operation is always 


sed during the hospital stay, but a delay 
sate 4—Incarcerated Inguinal Hernia in Infancy 


Series of Twenty-Six Cases (Nineteen 
Boys and Seven Girls) 


No 
Age on Admission Cases Per Cent 
Birth-3 mo 18 69 
mo 4 
6 mo.-l yr. 3 11.5 
yr.-3 yr 4 5.5 
100.0 


two or three days is helpful to permut 
lema in the canal to subside. 
In the 26 cases which were operated on 


as surgical emergencies, red but viable ileum 


vas found in the sac in 16 cases, the cecum 
ind appendix in 2 cases, and the tube and 
iry in 8 instances. In one of the latter in 


fants, the tube and ovary were gangrenous, 
necessitating removal, this being the only 


nstance of nonviable tissue noted. 


Surgical Repair of Inguinal Hernia 
During the past 15 years we have recom 
ended the immediate repair of all inguinal 
rnias regardless of age. While it must 
.ccepted that herniorrhaphy in a child 
nder the age of 3 months is a more difficult 
ration than in older children, familiarity 
th the infant anatomy, the use of fine in 
iments, and, above all, delicate handling 
tissues make it a sound surgical proce 
ire. We routinely employ open drop ether, 
il it is ideal in the hands of anesthetists 


infants and 


ustomed to working with 
No premedication is given 


ill children 


to children under 3 months of age. In those 


from 3 months to 2 years we employ atro 
older 


adminis 


pine only in appropriate dosage. In 


children, secobarbital (Se conal ) 


tered by rectum with atropine hypodermi 
and morphine in 


cally or  atropme 


appropriate dosage are given one hour be 


fore surgery 

In infants under 3 years of age a small 
transverse incision beginning at the antero 
superior spine of the ilium and projecting 
medially for a distance of 3 cm. in the lower 
routinely employed 


abdominal crease 1s 


This incision with retraction gives very ade 


quate exposure of the inguinal area and 
permits adequate visualization of the entire 
inguinal canal. The sac is carefully picked 


up with very fine forceps, lying as it invari 
ably does on top of the cord structures. If 
the sac is incomplete, the index finger is in 
troduced into the tip of it, and with ex 
tremely careful gauze dissection all adherent 
structures are freed until its neck is clearly 
delineated at a high level The sac is then 
ligated and permitted to retract upward but 
not tacked to the adjacent tissue at this level 

If the hernias are 
the 
carefully free the sac 


found to be complete 


testis in the lower portion, we 


the 


cord and vessels, dissecting it upward to the 


with 
from adjacent 
a similar high 
difficult 


procedure, since the sac in a complete hernia 


internal ring and carry out 


ligation. This is always a more 


always seems abnormally thin, and even 


greater care must be exercised to prevent 
its being badly torn, which complicates a 
good ligation of its neck. The distal portion 


of the sac about the testis is removed as 


completely as possible That portion around 
the testis cannot be removed in its entirety 
but is trimmed away, and usually a single 
stitch everts that which remains to prevent 
the subsequent development of a testicular 
hydroce le It is 


the testis be carefully replaced in its natural 


extremely important that 
bed deep in the scrotum after correction of 
a complete hernia, or one may subsequently 
find that it lies in an abnormally high pos: 


tion and is subjected to trauma 
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While repair of the inguinal canal is 
considered unnecessary by many, we favor 
closing this as in the Fergusson technique, 
with two or three interrupted sutures. One 
must always leave a very adequate space for 
the emergence of the cord. The external 
oblique fascia is reapposed and the skin 
closed with a fine subcuticular suture. In 
our cases we have routinely employed very 
fine absorbable surgical suture (gut) 
throughout including the skin and have been 
eminently satisfied with its use in this infant 
group. 

No dressings are employed, but the inci 
sions are covered with a small coating of 
collodion or, more recently, sprayed with 
vibesate (Aeroplast) When this is almost 
dry the wound is dusted with tale and the 
baby returned to its crib. 

The classical inguinal incision is entirely 
adequate but has the disadvantage in chil- 
dren under 3 years of being more exposed 
to soiling and demands working in a deeper 
wound because of the almost constantly 
present suprapubic fat pad in these small 
patients. In children above the age of 3 
we employ the inguinal incision, but the 
Fergusson technique is entirely satisfactory 
for repair in the entire pediatric age group. 

We have used no restraint on return from 
surgery, and we put these small patients 
back on regular diet as soon as they will 
accept food. Postoperative medication for 
pain is practically never necessary in those 
under 3 or 4 years of age. Wound infection 
is conspicuous by its absence, and the pa 
tients may be dismissed any time after the 
second day. We do not remove the protec 
tive covering from the incision until the 
infant is reexamined—an average of one 
week after surgery. If it has not separated 
by this time it may be easily removed and 
the underlying wound found healed. On 
dismissal of the patient from the hospital 
the mother is instructed that the infant or 
child may be normally bathed in the tub 
each day. 

In this series of 298 hernias we have en 


countered 20 with associated hvdroceles and 
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5 with hydroceles of the testis. Eleven pa 
tients in this group had undescended testes 
cared for at the time of herniorrhaphy. 


Comment 


There is general agreement among thos: 
particularly interested in the surgery of 
infancy and childhood that all inguina 
hernias should be repaired as soon as the 
diagnosis is established. Unfortunately 
there are still many who advise parents that 
operation should be delayed until the child 
reaches the age of 3 or 4 years. Admittedly 
operation may be a little easier with the 
older child, but unfortunately, as noted, the 
majority of these little patients developed 
their hernias during the first two or three 
years of life, and its management becomes 
a real problem for the mother if surgery bx 
delayed. There is practically no support 


TABLE 5.—Inguinal Hernia in Infancy and 
Childhood—Age of Patients Coming to 
Surgery in Series of 240 Patients 


No 
Age Cases Per Cent 
Birth-1 mo ll 
1-3 mo 60 25 
3-6 mo. 10 42 
6 mo.-i yr. 15 6.2 
1-3 yr... .. 22.5 
3-6 yr... 57 23.8 
6-12 yr... 33 13.7 
240 


for the idea that an established hernia in 
an infant will obliterate itself spontaneous!) 
Conservative means using trusses of any 
known type have been extremely unsatis 
factory in our hands, and it is very unusua 
to find a mother capable of maintaining 
constant reduction of a hernia by suc! 
means. Furthermore, these which do becom: 
complicated by incarceratien occur almost 
entirely in this age group and demand in 
mediate repair. Since the small infant to! 
erates a well-given anesthesia very well and 
the repair is entirely feasible in capabl 
hands, we see no reason for withholding 
surgical correction from all cases regardki 
of age. 

The age of the infants and children 
this series coming to surgery is listed 
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e 5. Over 40% of the group were op 
ed upon during the first year of life, 
62.5% came to surgery before the third 
of life. There has been no mortality 
his group and no serious complications. 
recurrence has been noted to date 


s infant was operated upon at the age 

3 years, with bilateral communicating 
vdrocele. He was seen three years later 
vith a definite left inguinal hernia which 

repair was found to have a 2 cm. sac. 
We have considered that this case must be 
isted as a recurrence. 


Summary 


\ series of 298 hernias occurring in 240 
infants and young children is critically re 
ed. 

Inguinal hernia is the commonest con 
genital lesion for which infants and children 
have been admitted to this hospital. 

In almost 60% of the instances the hernia 
was noted in this series of cases before the 
first year of life. 


Seventy-three per cent of the complicated 


hernias in our series occurred in infants 
under 6 months of age. 

[he surgical repair of inguinal hernias 
in infancy should be undertaken as soon 
as the diagnosis is made and is a safe and 
practical procedure in this age group 
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A Summary of Twenty-Four Cases Treated at Grasslands over a Ten-Year Period 


BERNARD E. SWANSON, M.D., Valhalla, N. Y. 


Introduction 


Che central nervous system complications 
of measles were recognized as early as 1872, 
when Westphal first used the term acute dis 
Measles en 


very 


seminated encephalomyelitis. 


cephalitis as a clinical entity was 
adequately described by Neal and Appel 
baum, in 1927,4 and by Musser and Hauser, 
in 1928.7 An increasing interest in the sub 
ject of measles encephalitis in recent years 


for some form of 


specific therapy. 1952, 
(ACTH) was first tried in a series of pa- 
tients by Appelbaum, at Willard Parker.* 
Gamma-globulin has subsequently been tried 


has stimulated a search 
corticotropin 


in the treatment of measles encephalitis; 
however, experience has indicated that it 1s 
not an effective therapeutic agent.® 

The purpose of this presentation is to 
summarize the experience over a 10-year 
period with measles meningoencephalitis oc 
curring in the pediatric age group at Grass- 
lands Hospital There been 24 
diagnosed cases of measles meningoenceph 
alitis treated here since 1945, and I should 


have 


like to present an analysis of clinical fea 
tures, laboratory findings, sequelae, recent 
advances in therapy, and other statistical 
data referable to age, race, and sex. 

lhe average age group in this series of 
patients was 5-6 years. The youngest pa 
tient was 17 months of age, and the oldest, 
11 years. Of the 24 cases, one was a Negro 
child and the remainder white. There were 
10 girls in this series and 14 boys. 


The encephalitic manifestations were ob 
Submitted for publication Feb. 22, 1956 
Resident in Pediatrics, Grasslands Hospital 

* Personal communication to the author 


served to occur at any time during the 


clinical course of measles. One of the cases 
occurred on the first day of the prodroma 
phase of the illness, well before the appear 
ance of the exanthem.* Six of the patients 
developed encephalitis, either concomitant 
with the appearance of the rash or within 
a 24-hour period after the onset of the rash 
Sixteen patients developed  encephaliti 
symptoms and signs either during the pe 
riod of maximal intensity of the morbilli 
form eruption or after the eruption had 
begun to fade. Three of the patients de 
veloped encephalitis as late as eight days 
after onset of prodromal symptoms. 

The encephalitic symptoms and signs were 
varied. By far the commonest presenting 


manifestation was some alteration in sen 


sorium. Every patient showed either leth 
argy, somnolence, stupor, or coma at some 
during the 


one-half of the patients were obtunded \¥ 


time illness. Approximately 
the stage of stupor or coma. Five of these 
patients were admitted in profound coma 
lasting as short a time as 24 hours in on 
instance and as long as 10 weeks in ar 
other.’ In approximately one-half of the 
patients, adventitious movements of sony 
sort occurred. Irregular, jerky, clonic, cor 
vulsive movements were noted with asso 
ciated 
patients a tonic phase of the convulsive s¢ 
In 8 of the 24 cases 


resurgence of fever occurred at the onset 


coarse tremors. In several of the 


zure also occurred. 
of encephalitis. The combination of let 
argy or somnolence, for example, with 
sudden unexplained rise in temperature 
a very common early sign. Other inconstan! 
symptoms noted at onset, or within 24 hot 
of onset, were combativeness, extreme i 
tability, disorientation with impairment 
memory for recent past events, halluci: 


wit 
¥ 
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t 
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headache, pain, photophobia, 
d speech, and urimary meontinence OF 


tion. In one patient urimary retention 


cye 


the most important initial problem 
e clinical course of measles encephalitis 
ese patients was extremely variable 


pahent who was comatose on admission 
‘ned in such a state for a period of 3 
another child remained profoundly 


for 10 weeks before even respond 


itose 
¢ to painful stimuli. In both cases, aspira 

pneumonia and atelectasis were constant 
blems. and bronchoscopic aspirations, 
owed by tracheotomy, were life saving 
ocedures. In the child who was comatose 
10) weeks, occasional convulsive seizures 
atly complicated the aspiration problem. 
rinary retention and persistent urmary 
ract infection were also complications 1m 
woth cases. In each child, after the period 
f coma and stupor the clinical picture was 
icterized by involuntary movements of 
irra 
the 


hat 


extremities. combativeness, and 


behavior which persisted as 
sensorium cleared. 

The onset of measles meningoencephalitis 
ind its course may also be fulminating. One 
hild was admitted with a 12-hour history 

somnolence progressing to coma. He was 
uimitted to the hospital in a moribund state, 


reathing at the rate of two to three respi- 


rations per minute, and in spite of a 
trache otomy the patient died one hour after 
dmission. In this child there was never 


ny clinical evidence of measles. The diag 
osis was made by autopsy findings of typ 
cal measles giant cells in lymphoid tissue, 

giant-cell pneumonia, and an early 
ymphocytic infiltration of the meninges and 
erivascular spaces. 

On the other hand, the onset and course 
if the disease may be very slow and in- 
idious. In one child, there was gradual 
nset of a Parkinson type of clinical pic 
ire eight days after the first prodromal 
ymptom. There was barely any residual 
evidence of a rash in this patient." The 
eurological picture in this patient was char 
terized by a mask-like facies, marked 


salivation and difficulty in swallowing, cog 


rest, aphonia, and 
flexibility This 
gradually 


wheel rigidity, a tremor at 
a typical catatonic “waxy 
child 


pre wressed 


two-week 


over a period 


completely responsive, 


into a 


alert, and asymptomatic picture and was 


discharged without any evidence of neuro 
logical sequelae 

In contrast to the severity of the cases 
just discussed, we had one child who pre 
sented in a very lethargic state which pet 
sisted for three days with several episodes 
of  subnormal He then 


promptly reverted to his normal active be 


temperature 


havior and was discharged asymptomatic 
This child remained oriented and rational 


during his entire illness and never had a 


convulsive seizure 
The spinal fluid findings im measles men 
This vari 


ingoencephalitis are variable.4 
ability has been demonstrated in other series 
of cases as well. In 3 of f 


24 cases, the spinal fluid was entirely nor 


our series ot 


There was no pleocytosis and no im 
However, 1n 


mal 
crease in protein or sugar 
two of these three patients the protein rose 


” 


slightly during the course of the illness, but 
it always remained below the upper limits 
othe only 


is 


of normal. In four cases the 
abnormality encountered was a slightly ele 
vated protein, with the spinal fluid remain 
ing acellular 
One of the 
spinal fluid was an increase in cells and pro 
tein. Approximately one half of the patients 
Another interesting 


commonest findings in_ the 


showed these changes 
finding was an elevated spinal fluid sugar, 
noted in seven cases. The highest elevations 
were noted in children who had been con 
one 


vulsing prior to lumbar puncture In 
152 


of such patients a value as high as 
mg. per 100 cc. was found. However, sev 
eral patients had spinal fluid sugars above 
80 mg. per 100 cc. with a history of only 
progressive stupor oT somnolence. We have 
no definite explanation for these findings 

Electroencephalograms were taken in six 
cases. either during the acute phase of the 


disease or sometime later In every case 


and 
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with or without a preponderant focus.* 


Sometimes the abnormal wave patterns per 
sisted for several months before approach 
ing normal 

The therapeutic approach to measles en 
cephalitis had largely been supportive in 
nature prior to the introduction of cortico 
tropin by Appelbaum, in 1952. However, 
with the recent concept of a possible allergic 
inflammatory response within the central 
nervous system to the measles virus, it was 
hoped that the use of cortisone or cortico 
tropin might definitely inhibit this process. 
In view of the devastating nature of measles 
encephalitis, with a high incidence of se 
quelae, steroid therapy was considered justi- 
fiable. 

In our series of 24 cases over a 10 year 
period, cortisone or corticotropin has been 
used in 7 instances. With this small series 
of cases it is not possible to draw any con 
clusions as to efficacy of this type of therapy. 
In view of the extreme variability of the 
clinical course of measles encephalitis it 
would seem very difficult to make any justi 
fiable conclusions concerning the adequacy 
of steroid therapy even among larger series 
of patients 

In comparing our 7  cortisone-treated 
cases with 17 non-cortisone-treated cases, 
we are not impressed that the clinical course 
of the illness was altered. In both groups 
there are patients whose sensorium cleared 
in 24-48 hours and patients whose clinical 
course was extremely prolonged and severe, 
with coma persisting as long as 3 weeks 
in one instance and 10 weeks in another. 

However, from the standpoint of pre 
venting sequelae we are definitely more im 
pressed that steroids are of some benefit 
It must be noted, however, that the two 
series of patients are numerically quite 
different, our cortisone-treated children rep 
resenting less than one-third of the total of 
24. Therefore, we must look upon these 
observations only as impressions and not 
as definitive conclusions. In both groups 
sequelae have occurred, but it is gratifying 
to note that among the cortisone-treated 


</ 


high-amplitude slow wave activity was noted 


1 


patients they have been of less severity re 
havior problems and personality changes o¢ 


curred in five of the seven cases, and jy 


one of these five children febrile convulsions 


and enuresis have occurred. Two of th 
seven patients have escaped without « 
quelae. 

On the other hand, among the non-cort} 
sone-treated group some serious sequela 
have been noted. One child died with th: 
added complication of a giant-cell pneu 
monia; one has mental retardation with 
partial right hemiparesis; one patient 
mentally retarded with the problem of o 
casional convulsive seizures and sever: 
athetosis of the right upper extremity, and 
a fourth child has a partial right hemi 
paresis with persistent enuresis. Five other 
children have had minor behavior disturb 
ances and personality changes. Six children 
have had no sequelae according to the par 
ents, and in two cases no follow-up has been 
available. It is interesting to note that in 
each group of patients, comprised of 7 and 
17, respectively, approximately one-third 
have escaped without sequelae; however, in 
contrast, the severity of the complications 
in the latter group cannot be matched in 
the cortisone-treated group. The types ot 
sequelae to measles encephalitis are very 
variable? 

When complications occur from measles 
encephalitis, by far the most frequently en 
countered are behavior disturbances and 
personality changes. Emotional instability 
occurs frequently. Irritability, nervousness 
and lack of concentration in school are fre 
quent complaints of the parents. Among 
the personality changes noted, we have on 
child who developed extreme hostility, r 
sentment, and combativeness to such a ck 
gree that intensive therapy was necessary) 
Another child who was noticeably shy and 
withdrawn before her illness became vert 
aggressive and outgoing even to stranger: 

The next most frequently encounter: 
complication is memory impairment for re 
cent past events. In two children marked 
perseveration was associated with a di 
turbed memory. 


JOURNAL OF DISEASES OF CHILDRENS 


{= 
é 
= 
= 
| 
| 
. 


SLES MENINGOENCEPHALITIS 


are unable to determine the exact 
iency of mental retardation in these 
ren, since psychometric studies were 
in only a few. However, in three 
the retardation was obvious enough 
further studies were not necessary 
; would then represent the third most 

uent type of complication. 
jue lar 
h the 


pneu 


\n upper motor neuron type of paresis 


the next most frequent sequela, with 
afflicted. 
ith three patients, as was previously noted, had 


children so One of these 


severe athetosis. 
Enuresis was noted to occur with a sim 
: ar frequency. Three children were dis 


and harged with a_ long-standing enuretic 
— oroblem, and in two of them urinary in- 
othe: ontinence and repeated episodes of cystitis 
turb occurred. 

Less frequently encountered complica 
(2) 


ldren 


pa ™ tions are (1) convulsive seizures, 


been 
a besity, (3) transient dizziness, (4) tran 


| sient reduction in visual acuity, and (5) 
and . 
persistent photophobia. 
third 


Summary 
tions 
d in cases of 


paper summarizes the 


measles encephalitis encountered in the 
pediatric age group during the last 10 years 

Grasslands Hospital. Data referable to 
race, and sex incidences are summa 


The 


encephalitis are described, and several inter 


clinical aspects of measles 


long 


one 


esting and unusual cases are included 


Laboratory confirmation of the diagnosis 1s 
discussed, Newer concepts of more defim 


tive therapy with steroid hormones and 


corticotropin are summarized. Types of se 


quelae encountered in measles encephalitis 


are discussed. 
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Growth Dynamics of the 


in the 


1. Normal Chemical Composition and Growth 


D. E. PICKERING, M.D., Portland, Ore. 

R. F. FORAN, M.D. 

K. G. SCOTT, Ph.D. 

and 

JACKSON T. CRANE, M.D., San Francisco 


Introduction 


This publication relates to the chemical 
dynamics of skeletal growth in the normal 
immature male rat. Data presented are 
introductory to a combined chemical, radio 
logical, and histological interpretation of 
skeletal growth in this animal from birth 
through 75 days of age.* 

During this period of life in the rat, 
individual skeletal parts as well as the skele 
ton as a whole undergo continuous and 
often disproportionate changes in growth 
and development.+ The following studies 
were undertaken to correlate chemical 
growth and turnover of the entire skeleton 
with serial changes in the chemical anatomy 
and linear growth of long bones. 
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Methods and Materials 


Male Wistar rats were used throughout 
study. Litters were arranged at birth to contair 
approximately 8 to 10 male animals. All animals 
were weaned at 21 days of age to a standard diet 
(Diet 1),t which contained 0.76% calcium and 
0.44% phosphorus by wet weight, with a calciun 
phosphorus ratio of 1.7. A constant source of 
distilled water was supplied 

Animals were killed at appropriate intervals 
between 1 and 75 days of age, for analysis of 
either total skeleton or long-bone aliquots 

In certain groups carrier-free radiocalcium 
(Ca“)§ was injected daily, intraperitoneally, it 
10 divided doses prior to 21 days of age, in order 
to permit an associated analysis of total and 
differential skeletal uptake and turnover of 
cium. In addition, a study of uptake and dis 
tribution of dietary calcium between 21 and 22 
days of age was conducted by balance technique, 
utilizing Diet 1 


{This diet was developed by the Institute of 
Experimental Biology, University of California 
at Berkeley, Calif., where it has been used ex- 
tensively in growth studies. Its composition is as 
follows 


Ground whole wheat 67.5% 
Casein. Tech 15.0% 
Skim milk powder (D-free) 7.5% 
NaCl 0.75% 
CaC0s 1.5% 
Melted fat 0.75% 
Fish oil (Vit. A-D concentrate) 1.0% 


(Vit. A, 750 units/gm. fish oil) 
(Vit. D, 300 units/gm. fish oil) 

KI solution (450 mg. KI/liter) 300 cc 

in 180 Ib. batch. 

§ Ca“ used in this study was obtained from the 
Oak Ridge National Laboratory, Oak Ridge, Tenn 
As obtained, the preparation contained a specific 
activity of more than 1000 mc/gm. in a concet 
tration of more than 1 mc/ml. and the purity was 
greater than 99%. For use in these studies, the 
original acidic Ca“ Cl, solution was diluted with 
normal saline, and was sterilized. Individual 
mals received either 10 or 20 yc total which « 
tained trace amounts of elemental calcium 


4 
re 
2 
4 
| 
= 
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thods used included those pertaiming to the the micro-Kjeldahl method after Kabat and 
ration of the skeleton and skeletal aliquots Mayer™ and Kirk % and radiocalcium by a modi- 


nalysis, and techniques of chemical analysis 
-adiocalcium determinations 

analysis of the total skeleton, bled, 
1 eviscerated carcasses were sectioned, 
dried 


the 
ted 
mistant 
|, dissolved in nitric acid, 
neralized to appropriate 


bone samples were freed of muscle, 


arn 


with mixture, 


The ash 


and diluted 


alcohol-ether 
ashed 


an 


weight, and was 


€ 
onl 
yvoiume 


water an 


fascia, 
epiphyses and were grouped, crushed, and 
arly treated through the drying stage The 
cted, dried samples were weighed and divided 
one was dissolved directly in 


f the method of Comar 


fication 
Demineralized water was employed in 
all glassware 


all 


pro 


cedures and for cleansing 


Results 
For analysis of chemical growth of the 
total skeleton, groups of 
at 1. 21, 25, 32, 45, and 75 days of 
Data from these studies are presented in 
Table 1. 


Since significant 


animals were killed 


age 


amounts of calcium and 


ut . two portions 
ae entrated hydrochloric acid for nitrogen de- ash presumably are derived only trom the 
any : mination; the other was ashed and dissolved skeleton of the bled, skinned, and evis 
the total skeleton. Diet, stool, and urine  cerated animal.{ values for recoveries 
anc ecimens were dried, ashed, and dissolved in a . “ ” 
these elements were designated as skeletal 
ree 0 rhe solutions of the ashed specimens were used The source of magnesium, while also desig ¢ 
leterminations of calcium, ph ysphorus, mag nated “skeletal” im this Table, is less pre o= 
tervals siun sodium, potassium, and radiocalciun cisely known. tx 
Discrepancies between individual animals Q 
Calcium and magnesium were determined by st any one age, ‘th respect to t dy weight (x 
age at any one age, respect to bor e 
alcium modifications of the method of Sobel and Hanok a6 . ° 
lly, n nd Orange and Rhein“ and phosphorus by a skeletal ash weight, and total skeletal cal ° 
od 
| order odification of the method of Fiske and Sub cium and magnesium, were significantly re ‘ 
harrow.* Sodium and potassium were determined duced when these measurements were 
a flame photometry A Bec kman), utilizing radia evaluated in terms of common units, i.¢., ° 
‘ 1S on buffers as described by West and co-work- aa - 
minimize the effects of intertermg tons References 16 and 17 oa 
nique Nitrogen was determined by a modification of References 18-21 
ute of TABLE 1.—Chemical Growth of the Total Skeleton, One to Seventy-Five Days of Age cS 
= = 
“| ex- Age (days 1 21 2 32 45 f 
No. of animals 2 6 e 
Rody Wt. (gm AY 58 25 AS ( 4 
Range 5.0-6.5 17-28 25-30 SOM 80-93 168-214 
_ Skeletal Ash. Wt. (gm AY 0.06 0.51 0.71 2.2 5.3 an 
O% Range 0.05-0.07 0.40-0.64 0.69-0.72 1.9-2.5 46-58 
oa 
Ash Wt. mg/gm. body wt AV 10 24 26 
Ranee 9.4-11.6 23-25 25-28 26-27 
5% keletal Caleium 
dain Me AV 12 140 200) 440 710 1710 
O% Range 10.8-14.1 112-193 201-203 676-742 1530+ 1890 
Me/em. body wt AY 2.1 6.6 7 73 a3 8.9 
Range 1.9-2.4 64-49 73-79 73-43 8.0-9.1 
Me/gm. As! AV 210 270 200 320 330 
Range 199-213 22-283 283-201 416-322 300 344 
“keletal Magnesium 
m the 
Tenn Meg AV 1.1 4.0 13 ; 76 
Range 1.0-1.2 4-9.5 12.1-13.5 33 O5-84 
pecific 
Mg/gm. body wt AY 0.19 0.32 OAT 0.25 0.38 0.40 
mice Range 0.18-0.21 0.31-0.33 0.43-0.53 0.35-0.42 0.33-0.48 
ywas | Me/gm. Ast AY 19 “3 18 4 
Ss, tne Range 18-20 12.6-13.8 17.1-18.9 12.6-18.3 
with a‘* Recovery, % * AY 
| Range 91-112 06 


were obtained trom only six animals at 21 days © 


en 
data 


f age 


are 
|_| | 
ae 
= 
a 


A.M 


when the ash content was related to body 
weight and when total skeletal calcium and 
magnesium were related to ash weight. The 
consistently high recovery of parenterally 


administered Ca*® is also shown. 


lable 2 presents data obtained by analy 
ses of long-bone aliquots from other groups 


of animals at 21, 45, and 75 days of age. 
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the average uptake and excretory loss of 
ingested calcium between 21 and 32 days 
of age in a group of eight animals. The 
skeletal calcium content of this group of 
animals at the onset of the study (21 days) 
was estimated from data presented in Tab 
1. All other values were determined di- 
rectly by analysis. 


TABLE 2.—Chemical Anatomy of Long-Bone Aliquots at Twenty-One, Forty-Five, and Seventy-Five Day 


Age (day 
No. animals 
AV 

Body Wt. (gm 
Tibial diaphyseal length, mm.* 15.4 
Long Bone 

Dry Wt/Ash Wt 1.96 

Dry Wt-Ash Wt 

0.49 
Dry Wt 

Calcium 

Meg/em. Dryt 170 

Mg/gm. Asht 330 
Magnesium 

Me/gm. Dry 5.9 

Mg/em. Ash 12.5 
Phosphorus 

Me/gm. Dry Qs 

Meg/gm. Ash 190 
Sodium 

Mg/gm. Dry 4s 

Mg/gm. Ash as 
Potassium 

Me/gm. Dry 14 

Me/gm. Ash 6.7 
Nitrogen 


Me/gm. Dry 63 


Ca** Recovery! 


%/em. Dry 35 
%/meg/Ca 0.20 


21 45 7 
1 0 13 

Range AV Range AV Range 

17-36 100 80-120 190 167-2 
15.0 7 2. 23.9-25.4 31 29.4-32 
1.94-2.08 1.68 . 1.56-1.79 1.54 1.51-1.57 
0.46-0.52 0.40 0.36-0.48 0.35 0.34-0.3¢ 
162-177 210 190-223 230 222-239 
317-346 360 340-374 350 313-369 
4.2-6.7 6.2 4.9-6.7 6.1 1-4.8 
12.0-13.0 10.5 8.2-12.2 9.4 &.2-10 
97.3-101 110 106-112 120 103-12¢€ 
190-197 180 177-190 180 157-198 
44-47 5.1 47 6 4.0-5.6 
&.5-9.3 8.7 8.1-9.3 7.1 6.3-8. 
2.84.1 1 1.2-2.0 0.65). 88 
5.5-8.1 2.4 2.0-3.3 1.2 0.98-1.4¢ 
61-46 17-0 49 42- 
32-35 21 18-26 10 14-18 
0.18-0.21 0.10 0.09-0.12 0.04 0.04-0.0 


* Data pertaining to tibial length are presented in detail in a subsequent publication in this series (Reference 2). 
+ “Dry” and “ash” refer to the dry weight and ash weight of skeletal aliquots. 
t Ca** data were obtained from only six animals each at 45 days and 75 days 


\verages presented in Table 1 and Table 
2 have, in general, been rounded off to two 
significant figures. All individual elements 
have been reported in relation to extracted 
dry weight and ash weight of bone aliquots, 
with the exception of nitrogen which is 
related only to dry weight. To permit 
uniformity of interpretation, radiocalcium 
data have been presented as per cent re- 
covery of administered dose per unit weight 
of dry bone and per unit weight of bone 
calcium. 

Table 3 presents balance data showing 
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TaBLe 3.—Calcium Balance* 


Calcium Recovery 


Calcium Source, Meg. Mg. Per Cen 
Skeletal 140 442 74 
Dietary 460 0 0 
Urine 0 25 4 
Fecal 0 | 131 22 
Total 600 598 100 


* Data represent the average values per animal (from a tota 
of eight animals). 
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Comment 


omparison or rates for general somatic 


weight gain) and chemical 
wth of the skeleton 


tionship of the two (Table 1). This is 


wth ( body 
reveals a changing 
haps best shown by serial differences in 
ratio of body skeletal 
ight throughout the study (Graph 1). 


weight to ash 


INCREASE IN TOTAL SKELETAL ASH 
RELATED TO INCREASE IN 
BODY WEIGHT (1-75 DAYS) 


TOTAL SKELETAL ASH, GM /B00Y W7,GM 

° 
° 

© BODY WT, GM 


4+ 50 
© | 
bo 
25 50 75 
AGE IN DAYS 


Graph | 


first 21 to 25 
was a disproportionately 
rease in the ratio of skeletal ash to body 


During the days of life, 


there rapid in 
weight. Thus, during this period, growth 
the skeleton was more rapid than was 
growth of other major systems combined 
\fter 25 days of age, although there was 
1 continuing rapid increase in each of these 
the 
constant. 


two parameters, ratio between them 


tended to be The rapid growth 


n total mass of skeletal calcium and mag- 


iesium from 1 to 75 days is shown in 
2 
lhe total skeletal calcium content also 


nereased in a disproportionately rapid man 
ler with respect to body weight, as would 
be expected from the data pertaining to 
skeletal 
igreement with those presented by 


direct 
Sher 


ash. (These data are in 
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INCREMENT IN TOTAL SKELETAL 
CALCIUM ANDO MAGNESIUM 
(1-75 DAYS) 


| } 

: , 
> 
> 1500 TOTAL 
SAELETAL 
~N MAGNESIUM / / = 
3 : 
> 
x 
1000 // 
/ 
x | ~ 
soo N 

a 


= 4 
25 so 7s 
AGE IN DAYS Y 
Graph 2 


Leod 22) 


exaggerated, however, becaus« 


man and rhis tendency was 
calc1um be 
came a progressively greater per cent ol ash 


calcium represented 20% 


with age, viz., 
27%, 32%, and 33% of ash weight at I, 
21, 45, and 75 days, respectively 


ar 


immature 


Che 


animal for 


extreme proclivity of the 


skeletal incorporation and_ re 


tention of available calctum # was further 


demonstrated by Ca* recovery studies. ke 
tention of calcium was demonstrated by the 
from the total 


recovery of radiocalcium 


skeleton at 21, 
(Graph 3, upper curve) 
Nearly 95° of the radiocalcium admin 


45, and 75 days of age 


to 21 days of life was r 
This 


continuous 


istered prior 


covered at 75 days of age marked 
retention occurred 


skeletal 


growth 


despite a 


calcium turnover and dilution by 


In these studies a high rate of cal 
cium turnover has been shown by changes 
The 


changes are best shown by increase in the 


in Ca*® content of long-bone aliquots 


calculated recovery of radiocalcium from a 
hypothetical animal whose skeleton consists 


These 


of only long bones calculations were 


# References 23-25 


LI 
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loss of 
The 
up of 
f 
days) 
| a 
ed di- 
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SKELETAL Ca*5 RECOVERY (21-75 DAYS) GROWTH OF THE RAT SKELETON 


TOTAL Ca 
RECOVERY (ACTUAL) 


| 


w 


ToTAL RECOVERY 
INFERRED FROM 
OF ca4s 40NG BONE 
OOSE AL/QUOT RECOVERY 


(NECTED LP IN 10 


° 


25 50 7s 
AGE IN DAYS 
Graph 3 
projected from the per cent Ca*s recovery 


per unit of calcium in long bones, and the 
fraction of the total skeletal calcium which 
the latter represented. As shown in the 
lower curve of Graph 3, this calculated re 
covery increased markedly during the period 
of study. This increase can be explained 
only in terms of calcium turnover, i.e., ex 
change of calcium among skeletal parts 

Calcium content of the skeleton during 
the period of study, in addition to internal 
exchange, underwent progressive dilution. 
By 75 days of age, the 12 mg. of calcium 
contained in the 1-day-old rat was diluted, 
with negligible loss, by an additional 1700 
mg. Based upon the resultant reduction in 
recovery of Ca* per milligram of total 
skeletal calcium, a curve depicting this di 
lution by growth is shown in Graph 4 
(upper curve ) 

During the 21-to-45-day period, the 
amount of radioactivity detected per milli 
gram of total skeletal calcium underwent a 
fourfold decrease, in an exactly inverse re 
lation to a proportional increase in total 
skeletal calcium, (Total skeletal calcium in 
creased from an average of 140 mg. at 21 
days to 710 mg. at 45 days.) This relation 
ship continued during the 45-to-75-day pe 
riod, when the rate of dilution, however, 
diminished markedly. The nearly 100% 
retention of Ca® already shown validates 


this direct relationship between increment 


280 


AS SHOWN BY THE REDUCTION 
WITH AGE IN PERCENT OF Ca*#5 pose 
RECOVERY PER MG. CALCIUM 


& TOTAL SKELETON 


08 
| @ 4£0NG BONE AL/QUOT 


oa 
T 


% Ca** RECOVERY / MG. CALC/UM 
° ° 
T 


25 75 
AGE IN DAYS 


Graph 4 


in total skeletal calcium and reduction of 
Ca* per unit of total skeletal calcium. 

In contrast to the above data pertaining 
to the total skeleton, changes in the long 
bones were less extreme (lower curve 
Graph 4). The rate of change was not so 
great in the long bones and tended to re 
main constant during the entire period of 
study, implying a slower and more uniforn 
chemical growth of the long bones than of 
the remainder of the skeleton during the 
early days of life, including the first half 
of the period studied. This is borne out 
by the fact that uptake of available calciun 
from the metabolic pool during the period 
of radiocalcium injection was less per unit 
of calcium present in long bones than in 
the skeleton as a whole, as demonstrated 
by the marked difference between the tw: 
curves in Graph 4 at the 21-day points 

Differences and changes in the curves in 
Graph 3 and Graph 4 correlate well wit! 
differences and changes in the calcium con 
tent of the ash of the total skeleton com 
pared with that of long-bone aliquots. The 


calcium content of ash in the long bones was 


= 
\ 
E 


SE 


VICAL GROWTH DYNAMICS OF RAT SKELETON 


lly relatively high and remained so 
ble 2). The calcium content of the 
skeletal ash approached these high 
s only during the latter period of the 
ly Table 1). 
With respect to chemical growth, these 
ta indicate that maturity of bone is re 
i to calcium content. As the calcrum 
mtent of bone increases, propensity for 
cium uptake decreases, that is, the in 


rporation of additional calcium (chemical 


vrowth) is inversely related to the degree 


maturity. 

\ balance study (Table 3) was carried 
it to determine the quantity of calcium 
ecessarily ingested during this period to 
plement the rapid chemical growth shown 
bove. During the period 21 to 32 days, 
1e total skeletal calcium of these animals 
creased by more than 200% ; the 300 mg 


f calcium so retained represented 65% 
f calcium ingested. The remaining 35% 


ngested calcium appeared in the excreta 
| was relatively undiluted by skeletal cal 
um lost through turnover. This is cor 


oborated by Ca*® recovery data already 


‘resented, which demonstrate a nearly ab 
solute retention of skeletal calcium (Graph 
upper curve) despite a high rate of turn 
er during the period studied (Graph 4) 
skeleton 


ssly reflects the combined changes of 


Chemical growth of the total 
inv centers, each of which at any one time 
s undergoing growth and changes in chem 


Phe re 


s a tendency toward a uniform chemical 


il composition at an intrinsic rate 


mposition with increasing age, but at any 
given time the degree of maturity, and 
therefore chemical composition, may vary 
mong skeletal parts and within individual 
keletal parts. Results of analyses of in 
lividual parts during any one period of 
rowth would not therefore reflect the com 
sition of the entire skeleton.* 

The present studies have shown that dur 
ng the early weeks of life, significantly 
ess additional calcium was incorporated per 


init of calcium already present in long bones 


26-28 


* References 3-5, 7, 8 and 


than in the skeleton as a whole. Moreover, 
these and other discrepancies between long 
bones and the total skeleton were found 
to be related to differences in chemical com 
position. 

Detailed analyses of changes in chemical 
composition of long-bone aliquots have been 
conducted and data from these studies have 
been presented in Table 2. Changes with 
age in the ratio of fat-free dry weight to 
ash weight of long bone aliquots revealed 
a progressive increase in ash per unit we ight 
of bone and a corresponding relative re 
duction of combustible elements. Organi 
matrix, which can be grossly estimated by 
the difference between fat-free dry weight 


and ash weight of bone,?® was reduced from 


49% of long-bone dry weight at 21 days 


to 35% at 75 days. The reduction with age 


in nitrogen per unit of fat-free dry bone 
paralleled this decrease in combustible mat 
ter, These relationships are presented in 
Graph 5 

CHANGES WITH AGE IN RELATIONSHIPS 


OF COMBUSTIBLE AND NON-COMBUSTIGLE 
ELEMENTS IN LONG BONES (21-75 Days) 
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Graph 5 


[he apparent decrease in nitrogen (as 
representative of the organic matrix) dur 
ing growth was primarily the result of a 
more rapid increase in noncombustible min 
erals, chiefly calcium, as shown by a de 


creasing nitrogen-calcium ratio with age 


rt 
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ar 
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Changes in molar concentrations of cer 
tain major bone constituents, as related to 


calcium, are presented in Table 4 


TABLE 4.—Relationships of Calcium to Other Major 
Elements in Long Bones, Twenty-One to Seventy-F ive 


Days Volar Concentrations 
A ge, day Ca/t Ca/Me Ca/Na Ca/k Ca/N 
21 1.3 if 22 MM) 0.96 
| 21 a4 135 1.42 
23 2 280) 1A 


Che decrease with age in potassium per 
init of bone (Table 2), magnified by a 
simultaneous increase in calcium, produced 
a marked progressive increase in the cal 
clum-potassium — rato This change in 
potassium concentration paralleled the re 
duction in organic matrix described above, 
indicating that potassium was derived 
chiefly from organic matrix 

The increase in calcium as a per cent of 
ash related directly to a gradual relative 
decrease in concentration of phosphorus, 
magnesium, and sodium. This is reflected 
by the increase with age of the molar ratio 
of calcium to each of these elements. The 
relationship of calcium to phosphorus re 
mained most constant. The molar calc1um 
phosphorus ratio increased by only 15% 
from 21 to 45 days, and remained constant 
thereafter. 

Based on the calcitum-magnesium ratio in 
long-bone aliquots and the assumption that 
at a given age no higher skeletal concentra 
tion of magnesium occurs than that in long 
bones, skeletal magnesium can account for 
no more than 65% of the total magnesium 
recovered at 21, 45, and 75 days of age 

Chemical composition of long-bone ali 
quots tended to become uniform with age, 
corroborating the earlier work of Ham 
mett. Differences between the chemical 
composition of long-bone aliquots and the 
total skeleton, characterizing the early weeks 
of life, had nearly disappeared by 75 days. 
However, these discrepancies in chemical 
composition demonstrate the fallacy in mak 


ing a projected estimate of total skeletal 
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composition from an analysis of select bones 
until chemical growth activity and compos 

tion have reached uniformity throughout 
the skeleton 


Summary and Conclusions 


The dynamics of chemical growth of th 
skeleton have been investigated in 95 normal 
immature male Wistar rats (1 to 75 days 
of age) by serial analyses of the total skek 
ton and long-bone aliquots, radiocalcium 
(Ca**) recoveries, and balance technique 

Chemical growth of the rat skeleton, as 
represented by increment in total skeleta 
ash, calcium, and magnesium from birth t 
75 days, is disproportionately rapid when 
compared with other major systems com 
bined. The calcium present at birth (12 
mg.) is diluted by an additional 1700 mg 
by 75 days of age. 

Approximately 659% of ingested calciun 
ultimately enters the skeletal pool during 
this period of growth. 

As shown by Ca* studies, calcium in 
corporated into the skeleton is retained 
nearly 95% by the growing animal, despite 
a high rate of skeletal turnover 

This early period of life is characterized 
by continuous changes in the chemical com 
position of bone. There is an increase i 
the mineral elements of the skeleton and 
relative decrease in organic matrix. In addi 
tion, a progressive change in the chemica 
composition of ash occurs, chiefly repre 
sented by an increasing calcium content 

Rates of change in chemical growth and 
turnover are not equal in long bones and 
the entire skeleton. Until chemical growth 
activity has reached uniformity throughout 
the skeleton, it is fallacious to estimat: 
magnitude or change in the former fron 
analyses of select parts. 


Editorial assistance for this article was pr 
vided by A. M. Schmid, and technical assistance: 
was provided by N. Kontaxis, M. Cole, N. Hut 
chinson, and R. Laxineta 
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in the Rat 


ll. Effects of Vitamin D Deficiency 


R. F. FORAN, M.D. 

K. G. SCOTT, Ph.D., San Francisco 

and 

D. E. PICKERING, M.D., Portland, Ore. 


Introduction 
The present report deals with the 
effects of vitamin D deficiency on the dy 
namics of chemical growth and composi 
tion during the first 75 days of life in the 
immature male Wistar rat. In the normal 
animal this early period of life is char 
acterized by specific changes in chemical 
composition of bone, and these changes 
have been correlated with chemical growth 
and turnover and linear growth in other 
publications in this series.* 

Many studies have been reported which 
deal with the effects of vitamin D deficiency 
on somatic and skeletal growth,7 skeletal 
morphology and maturation,t and on chem 


ical composition and turnover of bone.§ 
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Growth Dynamics of the She elon 


The following studies were undertaken | 


correlate chemical growth and turnover of 
the entire skeleton with serial changes in 


the chemical composition and linear growt! 
of long bones in animals maintained or 
vitamin D-deficient and normal diets 


Materials and Methods 


Male Wistar rats were used throughout 


study. Litters were arranged at birth to contair 


approximately 8 to 10 male animals. All anin 
were weaned at 21 days of age to a vitamin D 


deficient diet (Diet 2) which contained 0.76 


calcium and 0.42% phosphorus. A constant source 


of distilled water was supplied. Animals were kill 
it y. & $5, and 75 days of age for analysis 
either total-skeleton or long-bone aliquots 

In certain groups carrier-free radiocalciu 
(Ca“) was injected daily, intraperitoneally, in 
divided doses totaling 20yc, prior to 21 
of age, m order to permit an associated a al 
of total and differential skeletal uptake and tur 
over of calcium 


Methods pertaining to the preparation of tl 


skeleton and skeletal aliquots for analysis, te 
niques of chemical analysis, and radiocalciun 
terminations were identical to those alread 


reported 


Results 

Data pertaining to the comparison 
chemical growth of the total skeleton of 
the animals maintained on the vitamn 
D-deficient diet with that of control an 
mals are presented in Table 1. 

Data obtained by analyses of long-bor 
aliquots from other D-deficient groups « 


This diet contained no vitamin D. The cor 
position regarding carbohydrate, protein, calciu 
phosphorus, and magnesium was identical w 
that of the diet used in the study of control 
imals (Diet 1), described in a previous publi 


tion (Reference 1) 


¥ 
his 
| 
| 
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AL GROWTH DYNAMICS ON RAT SKELETON 


Comparison of Total Skeletal Calcium in Animals on Normal and Vitamin D-Deficient Diets 


Twenty-One, Forty-F ive, and Seventy-Five Days of Age 


Normal Diet* 


Range 


a 0.9.1 


D- Deficient Diett 


Range Range Range 


6.7-7.2 


which consisted of , standard normal diet developed by the Institute ot F xperrmental Biology, University f litornia at 
Berkeley slit.. where it has been used exten ively in growth studies Its composition was described In a previous publi-* 
tan : 2 " ! ict oa essentially identical with Diet 1 except for a comp te Vitamin D deficiency 
D nil t 21. 45, and 75 days of age are tracted dry weight and ash weight of bon 
. in Table 2. aliquots, with the exception of mitrogen 
es presented in Table 1 and Table which is related only to dry weight. To per 
in general, been rounded off to mut uniformity of interpretation, radiocal 
significant figures. All individual ele ciura data have been presented as per cent 
ents have been reported in relation to ex recovery of administered dose er unit 
Chemical Composition of Lona Bone Aliquots tin {nimals on Vitamin D-Deficient Diet at Twenty 
S ‘ One. Forty-Five, and Seventy-Five Days of Age 


10-13 
0.05-4).08 


* Data pertaining to tibial length are prese nted in detail in a subsequent put lication in tt 
quent 
Drv” and “Ash” refer to the dry weight and ash weight of skeletal aliquots 


+ Ca*’ data were obtained from only eight animals at 45 days and five animals at 75 days 


. 
7 
al 
| 
vs 21 as 
snimals | ) 
AV Range AY Range AV 
tal ealciun | 
retal 142 112-167 710 476-742 
Me gn body wt 6.0 144.9 &.3 73-93 x 
Age (days 
on 
Mg em. body wt 6.0 14-69 7.0 79 
&% recovery w gi-112 77 4-72 
— 
f 
- 
‘ 
: 
. 
Cc 
| 
Yo, of animal 2 
La 
AN Range AN Range Range — 
Drv wt/ash wt ” 04-2.08 “7 
Dry wt 
Calciun 
Me/gm. dry * “2 am 22 2 2 22 > 
( M m. ash $30 s17-34 44 384 434 344 
Viagnesiurn 
Me/gm. dry 9 1.24 6-8.5 
Mg/zm. as! 12 2.0-13.0 1-14.0 6.7-13.4 
Phospheru 
Sodium oe 
Mz/em. drs 144.7 12-63 13 
Ma/em. ash a5-93 73-1 , 
Me/gem. ash 6.7 2. 2 $ 
Me rm. dry 63 61-06 47-53 ‘ 44-82 
% /em. ary $5 32-3 a | 
%/me. Ca 0.20 0.18-0.21 0.12 0.08-0.14 
is series (Reference 2 iene 
rg 
4 


1M 


dry bon 


weight of 
of bone ale 1u! 


Comment 


General somatic as represented 
the 


However, in 


growth, 


by body weight was normal in 


D-deficient 


crement in total skeletal calcium lagged from 


gain, 
groups studied 
The changing re- 
total 
weight gain in 
the D-deficient 


normal in these animals 


lationships between increment in 


skeletal calcium and body 
the animals maintained on 
diet are compared with those of normals in 


Graph 1 


TOTAL SKELETAL CALCIUM-BODY WEIGHT 
RELATIONSHIPS IN RATS ON VITAMIN 
O-DEFICIENT ANDO NORMAL DIETS 

(1-75 DAYS) 


2000 


TOTAL SKELETAL CALC/UM 
| @ 0-OEFIC/ENT 
O NORMAL 
RATIO SKELETAL CALC/UM/B00Y WT. 
0-OEFICIENT 
Q NORMAL 


RATIO 
TOTAL SKELETAL CALCIUM, BODY WT, GM. 


@° TOTAL SKELETAL CALC/UM. MG. 


4r 
/ 
2P 
b= — 
25 s0 7s 
AGE IN DAYS 
Graph 1. 


Relative to body weight gain, the D-de 
ficient animals retained less skeletal calcium 


than the normals. After 24 days on the 
D-deficient diet, a 16% deficit of total cal 
cium had accrued. This deficit persisted 


throughout the period of study, and by 75 
days of age it averaged 200 mg. of calcium 
per animal, a difference of suggestive sig 
nificance (P value, 0.06). 

D-deficient 
diet contained considerably less total mag 


The animals on the vitamin 


nesium than normal animals at 45 and 75 
days of age, as shown in Table 3. 


The total magnesium deficit of 28 


mg. 
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TABLE 3.—Comparison of Magnesium Recoveries in 
Animals on Control and Vitamin D-Deficient Diets 


| Age (days) 


Magnesium 1 21 45 


Diet 
1* | Total ies l 8 | 31 ? 
Mg/em. body wt 0.19 0.32 : 0.38 0.40 
2t Total mg. l 8 23 48 


| Mg/gm. body wt. | 0.19 
| 


* Diet 1, the standard normal diet. 
t Diet 2, the vitamin D-deficient diet. 


in the 75-day-old animals on the D-deficient 
diet represents a 40% reduction from nor 


mal. The concomitant reduction in mag 

nesium content of long bones (Tables 2 

and 3) can account for no more than 


10% of the total 28 mg. magnesium deficit 
As a result, skeletal magnesium in 
D-deficient diet 
sented a higher per cent (up to 80%) of 
the 
than 


of the total magnesium was derived 


shown. 


the animals on the repre 


recovered magnesium than it did in 


control animals (in which no more 
65% 
from bone). It is evident therefore that 

very sizable magnesium deficit developed in 
skeletal muscle, the only system other than 
skeleton 


total magnesium of the skinned, bled, and 


contributing significantly to the 
eviscerated preparation used. 

Radiocalcium recovery data presented in 
Table 1 revealed that by 75 days.of age th 
animals on the D-deficient diet incurred a 
net loss of 33% of the Ca*® incorporated 
21 


in contrast to a loss of only 7% from nor 


into the skeleton prior to days of age, 
mal animals over the same period? (Graph 
2). 

This excessive loss of endogenous calciun 
in the animals on a D-deficient diet is con 
sistent with other reports, indicating that 
an exaggerated calcuria occurs in rickets de 
spite reduction in gastrointestinal absorptior 
of calcium.{ 

Skeletal calcium turnover has been esti 
45 


mated by changes in the per cent Ca*® re 


{ References 14, 16, 18, and 19 
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LDRE\) 


tn 
ent Diets 


T lent 
nor 
mag 
es 2 


than 


COMPARISON OF SKELETAL 

RECOVERIES IN ANIMALS ON 

O-DEFICIENT ANDO NORMAL DIETS 
(21-785 Days) 


100 
8 
75+ 
» 
S 
@ VITAMIN O-OEFICIENT 
O NORMAL 
= 28+ 
Q 
i J 
° 25 50 75 


AGE IN DAYS 


Graph 2 


ery per unit of calcium in long bones 
ible 2) and the 
etal calcium which the latter represented 


normal animals during 


fraction of the total 


In the studies of 

first 75 days of life, the marked re 
ntion of Ca* occurred despite a high 
of calcium turnover. Paradoxically, 
vhile the animals which were maintained 

the D-deficient diet underwent a 25% 
rreater loss of total radiocalcium (corrobo 
iting the observation of Copp and co 


workers **), the rate of long-bone-calcium 
turnover in these animals was nearly iden 
to that of normals. 
With increasing age in normal rats the 
tal radiocalcium recovery estimated from 
Ca® content per unit of long-bone calcium 
reased markedly, approaching but never 
ualling the actual skeletal Ca‘ recovery 
these normal animals, the actual and 
timated recoveries at 75 days of age were 


5% the administered dose, 


© and 75% of 
respectively. Conversely, in the 
1intained on the D deficient diet, the total 


Ca® recovery estimated on the basis of 


animals 


ng-bone analyses equalled the true re 


very by 75 days. 


+ References l, 20, and 21 
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These data indicate that the 33% loss of 
Ca® frem the skeletons of the D-deficient 
from the long 


emanate 


animals did not 
Relative to bones of lower calcium 


be mcs. 


content, the long bones appear less prone 


to release calcium under the influence of a 
D-deficient diet.* 
with previously 
during the early weeks of life, long bone 


Chis fact correlates well 
published evidence — that 
incorporates relatively less additional cal 
cium from metabolic sources than does the 
skeleton as a whole! There IS an inverse 
relationship between calcium density of bone 
and propensity for calcium uptake and re 


lease (turnover).4 Furthermore, ‘opp 
demonstrated a rapid uptake associated with 
an accelerated release of Ca® by bone in 


immature rachitic rats. and the present 


studies show that in growing animals main 


tained on a vitamin D-deficient diet there 
skeletal rein 


is a net deficit in terms of 


corporation of calcium released from bone 


to the metabolic pool during turnover. The 


severity of this endogenous calcium deficit 


is inversely related to the calcium concen 


tration of bone involved, being most extreme 


in areas of greatest growth activity 


In the normal growing animal, the cal 
skeleton 
progressive dilution from 21 to 75 days of 
age, with negligible loss of the Ca* tag 


which was present at 21 days. A compari 


underwent 


content of the 


son of dilution by growth (i.e., by incr 


normal and the vitamin D-deficient groups 
ment in total skeletal 
based upon the reduction in the per cent 


calcium) in the 


of Ca® recovered per milligram of total 


skeletal calcium is shown in Graph 3 

skeletal (¢ 
was essentially equal in the normal animals 
1)-deficient 


The dilution with age of 


maintained on the 


and those 
diet. In the light of reduced total skeletal 


calcium and reduced Ca*® recovery in the 


animals on the D-deficient diet. this sim 


* The calcium density of long bones is appreci 


ably greater than that of the total skeletor prior 


Thereafter, the calcium contet 


to 21 days of age 


f the total skeletor 


1 approaches that of lone hone 


( Referenc es 1 and 22) 
+ References 1, 20, 21, 23-26 
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DILUTION OF Ca*® BY INCREASE 
IN SKELETAL CALCIUM IN 
VITAMIN D- DEFICIENT ANDO 
NORMAL RATS (21-75 DAYS) 


0.8 

[ & VITAMIN 

| 0- DEFICIENT 

NORMAL 

0.6} 

N 

0.4> 

« 

a 

= 0.2} 

« 

= 

© 
i — 
° 25 50 75 


AGE IN DAYS 


srapl 3 


larity of dilution by growth indicates the 
parallel nature of these losses, and validates 
the assumption that they are primarily due 
to loss of calcium from bone with turnover 
ind not to an effect on gastrointestinal ab 
sorption The predominance of the skeletal 
effect of vitamin D in these studies is in 
iwreement with reports by others who have 
shown, in experiments minimizing the ef 
fects of vitamin D on gastrointestinal ab 
sorption, that vitamin D produced increased 
retention of calcium by bone.t The present 
studies differ from those earlier investigz 
tions (which employed low calcium diets ) 
n that they involve no alteration from 
normal in calcium intake 

Tibial lengths of the animals on_ the 
itamin D-deficient and normal diets were 
measured and found indistinguishable. His 
tological studies in the animals on the 
D-deficient diet revealed only minimally sug 
gestive early rachitic changes in the tibial 
epiphy ses. The details of these studies will 
be presented in a subsequent publication.* 

Detailed analyses of changes in chemical 


composition of long-bone aliquots in_ the 


t References 14, 17, and 27 
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animals on the D-deficient diet have beer 
conducted for correlation with gross skel 
tal changes and comparison with normals 
(Table 2). 


of fat-free dry weight to ash weight oj 


Changes with age in the ratios 


long-bone aliquots and of organic matrix 
to fat-free dry weight were identical in the 
two groups studied. Similarly, the reduc 
tion with age in nitrogen per unit of fat 
free dry bone was parallel in the tw 
groups. 


The increase with age in bone ash, re 


flected chiefly by calcium, and the related 


decrease in organic matrix, as represented 


by nitrogen, was equal in the two groups 
[hese relationships are presented for cor 


parison in Graph 4. 


CHANGES IN THE CA .CIUM-NITROGEN 

RATIO OF LONG BONES IN RATS ON 

NORMAL AND D- DEFICIENT DIETS 
(21-75 DAYS) 


2.0- 


@ VITAMIN 0-DEFIC/EN? 
O NORMAL 


MOLAR RAT/O, Ca/N 
° 
T 


i af 
° 25 50 7s 
AGE IN DAYS 
Graph 4 


The similarity in bone composition in th 
normal and D-deficient groaps was als 
found among mineral elements, with th 
exception of calcium and magnesium, 
which minor differences were noted. BE 
75 days, calcium and magnesium concentr 
tions in the long bones of the D-deficie: 
groups lagged 6% and 10%, respectively) 
This amount, in either case, can accout 
for only a small per cent of the over-a 
deficit of these two elements, and did ne 
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untly alter the relationship of cal 
other major bone constituents 
similarity of changes in molar con 
tion of major bone constituents as 
to calcium in the animals on the D 
nt and normal diets are presented in 


e 4 Relationships of Calcium to Other Major 
} ‘ in Lona Bones of Rats on D-Deficient and 
\ Diets 


Twenty-One to Seventy-Five Days 
Molar Concentration) 
Vitamin D-Deficient Diet 
| 
Ag y Ca/Meg | Ca/Na | Ca/K Ca/N 
13 6 22 50 0.96 
i4 19 23 130 1.35 
14 25 2 275 1.00 
Normal Diet 
A Ca/t Ca/Mg | Ca/Na | Ca/K Ca/N 
1.3 16 22 50 0.96 
4 21 a4 135 1.42 
] 23 29 280 1.65 


The failure of the animals maintained 
n the D-deficient diet to manifest classical 
rachitic alterations in chemical composition 
ind morphology of long bones no doubt 
relates largely to the normal phosphorus 
ontent (0.42%) of the diet used. It has 
histological and 
major chemical florid 
rickets due to D-deficiency and low phos- 


been demonstrated that 
manifestations of 


phorus intake can be reversed by increas- 
ng dietary phosphorus to normal.§ 


In summary, the animals maintained on 
the D-deficient diet accrued a sizable skel- 


etal calcium deficit, the magnitude of which 


was not paralleled by the differences 
from normal in the chemical composition 
f the long bones. This failure of the long 
bones in the vitamin D-deficient groups to 

ct the over-all skeletal loss with turnover 
f calcium and its radiocalcium tag is para 


loxical, and further emphasizes the previ 


Vhile the studies referred to demonstrated 
( ng of rickets histologically by addition of 
sphorus to otherwise rachitogenic diets, cor- 

m thereby of the chemical lesion was in 


plete: reterences 3, 27 33 


ously described fallacy inherent in making 
projected estimates of total skeletal compo 
select bones in 


sition from analyses of 


the growing animal.’ 


Summary and Conclusions 

The effects of a vitamin D-deficient diet 
on the dynamics of chemical growth and 
composition of the skeleton (from 21 to 
75 days of age) have been investigated in 
immature male Wistar rats by serial analy 
ses of the total skeleton and long-bone ahi 
quots, and radiocalcium (Ca*®*) recoveries 

In these animals maintained on a D-de 
ficient diet, a sizable magnesium deficit de 
veloped, with only minor losses from bone 
implying that the deficit occurred in skel 
etal muscle 

A 16% calcium deficit developed in thes 
D-deficient animals by 75 days 

As shown by radiocalcium studies at 21 
45, and 75 days of age, a significantly 
greater loss of total skeletal Ca® occurred 
in these animals than in controls 

The parallel nature of losses of skeletal 
calcium and its Ca*® tag indicates that they 
originated primarily from bone during 
turnover. 

Chemical composition of long bone did 
not vary significantly from normal and 
therefore did not reflect the over-all skel 


etal losses. 
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Ill. Correlation of Growth and Morphology of Long Bones with Chemical 


D. E. PICKERING, M.D., Portland, Ore. 
L. B. LUSTED, M.D 

R. F. FORAN, M.D. 

and 

J.T. CRANE, M.D., San Francisco 


Introduction 
This publication presents data pertaining 
to linear bone growth and morphology in 
immature male Wistar rats on normal and 
vitamin D-deficient 
these data with chemical growth and turn 


diets correlates 
over of the skeleton, previously reported.* 
Studies involving linear growth, histology, 
and chemistry of long bones have long been 
accepted individually as representative in- 
dices of the influences of metabolic and 
endocrine factors upon the skeleton. How 
ever, there has been a paucity of studies 
correlating these particularly 
as they relate to total skeletal chemistry and 
The 


were undertaken to provide a correlated 


parameters, 


turnover. present series of studies 


chemical, radiological, and morphological in- 
terpretation of skeletal growth from birth 
through 75 days of age in male Wistar rats 
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* References 1 and 2 


+ References 3-7 


Growth in Normal and Vitamin D-Deficient Animals 


maintained on normal and vitamin D-defi 


cient diets. Furthermore, these studies 
bring to focus the observations of earlier 
that the 


changes induced in bone by a vitamin D 


workers suggesting chemical 
deficient diet may be dissociated from the 
effects upon linear growth and morphologi 
cal variation. 


Materials and Methods 


The general procedure in this series of investi 
involved study of male Wistar rats 
21, 45, and 75 


investigated, consisting 


gations has 
killed at 1, 
major groups 


days of age. Two 
have been 
of animals maintained on either a normal or a 


vitamin D-deficient diet.§ Groups of animals at 


each age were evaluated with respect to either 
total skeletal chemical growth and turnover or 
long-bone chemical composition and turnover and 


features. 
used in 


histological and roentgenological 


Specific materials and methods these 
studies, and resultant data pertaining to chemica 
composition, growth and turnover in animals main 
tained on the normal and D-deficient diets have 
been reported in detail.|| Representative values 
from these published data are reduplicated in the 
present report for further correlation. 

For x-ray and histological studies, extremities 


Tibiae were later dissected free 


were placed in 10% formaldehyde solution 


malin) at autopsy 
of soft tissues and x-rays taken in a uniform mai 
ner with Kodak Super Speed Occlusal Dental Film 
and the following technique: 30 K.V., 50 ma., 

filter, J8-in 
Film was developed for five minutes with x-1 


TFD, and one-secoad exposure tit 


Diaphyseal lengths we 
Preparation 


film developing solution 


measured directly from the films 


t References 8-14 
§$ The normal (Diet 1) and D-deficient ( Diet 
diets were identical in composition regarding 
bohydrate, protein, (0.76%), phosph« 
(0.4%), and They 
absence of vitamin D in Diet 2 


References 1 and 2 


calclum 


magnesium differed only by 


| 
= 


WICAL GROWTH DYNAMICS OF RAT SKELETON 


vical study involved decalcification in 5% 


acid in formaldehyde solution for three te 


vs. washing, imbedding in parafiin, section 


6. and staining with hematoxylin and eosin 


Results 
« radiological appearance of tibiae was 
irkably uniform among normal animals 
age 
variation in chemical composition 


each group. Moreover, despite 
rked 
turnover, there were no discernible dif 
neces at 45 and 75 days between x-rays 
nimals on the normal and the D-defi 
nt diets. A representative x-ray of each 
oup at 75 days of age is shown for com 


ison in Figure 1. 


Fig 1—A, x-ray of normal rat tibia at 75 

ays of age. B, x-ray of vitamin D-deficient rat 
bia at 75 days of age. Note the absence of dis 
ernible differences between these x-rays 


In addition to similarities in radiological 


onfiguration among all animals from 1 to 
75 days, tibial diaphyseal lengths increased 


iniformly and no significant differences 


ere observed between groups maintained 


» normal and vitamin D-deficient diets 


lable ). 


Animals on Norma! 


Tibial Diaphyseal Length im 
One to Seventy-F ive 


and Vitamin D-Deficient Diets 
Days) 


Normal Diet 
Age (days 
No. of animals 


Diaphyseal length, mm 
le ar 


D-Deficient Diet 
Age (days l 2! 45 
No. of animals 


Diaphyseal length, mm 
Mear 
oO 


Grossly and microscopically there were 


no discernible differences between the tibiae 


of the normal and vitamin D-deficient am 
mals at 45 days (after 24 days on Diet 2) 


At 75 days, although grossly similar, cer 


tain minimal yet significant microscopic 
changes were noted in the bones of the defi 
cient animals. These consisted of a slight 
increase in the over-al! thickness and cellu 
larity of the epiphyseal cartilage, associated 
with an irregularity in alignment of the hy 
pertrophic cartilage cells. No significant 
microscopic alteration was noted in the for 
mation of the primary bone trabeculae ot 


in bone and with 


respect to bone cellularity and matrix (un 


resorption remodeling 
decalcified sections were not studied). These 


features are demonstrated in Figure 2 
which presents photomicrographs of tibiae 


D-deficient 


of normal and animals at /5 


days of age. 
Comment 


Chemical growth of the skeleton im the 
normal immature male Wistar rat, as repre 
sented by increment in total calcium, is ex 
tremely rapid in the first 75 days of life, 
during which time total calcium imereases 
from 12 to 1700 mg. There is a rapid in 
crease in the ratio of skeletal mass to body 
weight during the first three to four weeks 
of life: thereafter, a more constant relation 
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cartilage and diaphysis 
old normal Wistar rat 
a 
e 


Epiphyseal cartilage and diaphysis of 
the tibia in a 75-day-old vitamin D-deficient Wis- 


tar rat. There is a slight increase in the thickness 
and cellularity of the epiphyseal cartilagenous 
plate while the columns of hypertrophic cartil- 


wenous cells are somewhat irregular in alignment 
as compared with the normal (Fig. 2A) 


ship is approached. Because of this chang 
ing of skeletal 


mass based on body weight are not con- 


relationship, estimations 
animal. 
the 
elements 


reliable the immature 


to 


sidered m 
Moreover, 
total 


in skeletal mass from body weight is even 


attempt predictions of 


calcium or other individual 
less reliable, because progressive changes 
occur with age in the chemical composition 


of the skeleton 
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In addition to the above changes with 
respect to the total skeleton, analysis of long 


bones also reveals a changing chemical com 


position; at any age from 1 to 75 days, th 


composition of long bones is not representa 
tive of the skeleton whole.’ These 
features of chemical growth and compos; 
tion of the rat skeleton and its long bones 
have been validated by studies involving re 


as a 


covery of a Ca * skeletal tag imposed befor 


21 days of age, by subsequent reduction in 


Ca* concentration by increment in_ total 
skeletal calcium, and by determination of 
radiocalcium turnover in long bones.! 


An analysis of the relationships between 


tibial diaphyseal length and features of skel 


etal chemical growth and composition is 


particularly germane to investigations deal 


ing with bone because of the common prac 


tice of accepting changes in tibial length in 


lieu of chemical analyses." No consistent 


relationship between tibial diaphyseal length 
and total skeletal calcium occurred in ani 


mals included in the present study from | 


to 75 days of age, as shown in Graph | 


RELATIONSHIP OF TIBIAL DIAPHYSEAL LENGTH 
TO SKELETAL CALCIUM (1-75 DAYS) 


0.4 


30 


MM / SKELETAL CALCIUM, MM 
8 
& TIBIAL DIAPHYSEAL LENGTH, MM 


© MATIO TIBIAL DIAPHYSEAL LENGTH, 


50 
IN DAYS 


25 
AGE 
Graph 1. 


furthermore, comparison of the rates o! 


change of these two indices (total skeleta 
tibial length) of  skeleta! 
growth revealed a disproportionately rapid 
rate of increase of skeletal calcium. This is 
shown by changes in the ratio of the aver 
age daily per cent increase in total skeleta 


calcium and 


ite 
4 
, 
| 
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LDRE) 
‘S with dium to the average daily per cent in 
of long se in tibial length (Graph 2). 
al com 
ys, the CHANGES IN RATIO * OF AVERAGE °7o 
~ DAILY INCREASE IN TOTAL CALCIUM 
esenta TO AVERAGE °% DAILY INCREASE IN 
Thee TIBIAL DIAPHYSEAL LENGTH (1-75 Days) 
Mposi 
bones 
ng re 
be fore A ] 
ion it | 
total 2 
m of 24 
Tween 
skel 
mis 
dea! 
prac | 
thin 
stent § 25 50 75 
ngth AGE IN DAYS 
ani Graph 2 
m | 
because of the inconstancy in the rate 
f increase in skeletal calcium as compared 
ad with tibial length, interpretation of skeletal 


‘hemical growth by inference from change 
in linear proportions (tibial length, tail 
ength, etc.) would not be valid. Chemical 
growth of the total skeleton grossly reflects 


QAPHVSEAL 4ENGTA MM 


the combined changes of many centers, each 
{ which at any one time is undergoing 
growth and changes in chemical composition 


it an intrinsic rate. The composition of the 


skeleton, at any one time, is not 
flected in long-bone composition, and cet 
tainly not in long-bone length. In the ani 
ils maintained on the vitamin D-deficient 
a significant deficit in total skeletal 
iicium accrued by 75 days? As shown in 
the Table, this was not attended by any 


iniance from normal in tibial diaphyseal 


yf { ength, further emphasizing the fallacy in- 
. herent in estimating chemical growth from 
a] near measurements. 


Despite significant changes in chemical 
growth and turnover in the D-deficient ani 
als, no differences from normal were seen 


liologically, and no more than minimal 


evidence of rachitic processes were seen 
histologically (suggestive “overgrowth” of 
epiphyseal cartilage). The absence of the 
characteristic morphological, roentgenologi 
cal, and linear growth features of florid 
rickets apparently resulted from the ade 
quate phosphorus content of the D-deficient 
diet employed in these investigations.‘ 

In summary, these data show that the 
effects of vitamin D-deficiency on chemical 
growth and turnover of the skeleton can 
be of significant proportions in the absence 
of significant alterations from normal in 
linear growth, chemical composition, roent 
genological or histological appearance of 


long bones 


Summary and Conclusions 

Tibial growth and morphology — have 
been evaluated in immature male Wistar 
rats on normal and vitamin D-deficient diets 
and have been correlated with skeletal 
chemical growth and turnover 

The per cent daily increment in tibial 
diaphyseal length was not proportional to 
the per cent increase in skeletal calcium 
from 1 to 75 days of age 

While maintenance of these immature 
animals on a D-deficient diet induced sig 
nificant chemical changes, these changes 
were in no way reflected by alterations in 
linear growth of tibiae, and were accom 


panied by only minor histological changes 
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Case Reports 


CUSHING'S SYNDROME IN CHILDREN ASSOCIATED WITH 
ADRENAL CORTICAL CARCINOMA 


A Case Report with Review of the Literature 


SRACE H. GUIN, M.D. 
and ENID F. GILBERT, M.B.B.S., Washington, D.C. 


“HE ASSOCIATION of adrenal 
‘| tumors with the clinical picture now 
lentified as Cushing’s syndrome was first 
Cooke * in 1756. 
collected 12 similar cases and con- 


bserved by Cushing,” 
n 1932, 
luded that pituitary basophilism was the 
inderlying lesion. Cushing’s original con- 
ept has been modified as a result of subse 
went investigations.+ In the pediatric age 
group Cushing’s syndrome is most fre- 
juently caused by malignant adrenal tu 
mors. Basophilic adenomas of the pituitary, 
while rare, have been reported in children 
in the absence of adrenal pathology.t The 
only case of Cushing’s syndrome in a child 
sused by adrenal hyperplasia was described 
by Chute and his colleagues ' and occurred 
girl 8 age. Albright 


§ believe that all cases of Cushing’s 


in a and 


Fort 


ropes 


years of 


syndrome in infancy are caused by malig 


nant adrenal tumors. Recently, however, 


has observed an infant, age 3 
onths, with Cushing’s syndrome who was 
found at autopsy to have bilateral adrenal 
idenomas, 


lt is the purpose of this paper to review 


the reported cases of carcinoma of the ad 
renal cortex causing Cushing’s syndrome in 


hildren and to add a case studied in this 


hospital which is believed to be the youngest 


ise reé ported to date. 
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+ Refe rences 3 8 

t References 5, 9-13 

§ Albright, F.. and Forbes, A. P., personal 


with the authors 


munication 


Report of Case 


rhe 


Columbia 


A 3-month-old white girl was admitted to 
Children’s Hospital of the District of 
on Aug 


6 weeks 


revealed that 


31, 1954, because of obesity beginning 
The family history 


age 27 


prior to admission 
the mother, years, had suf- 
fered from diabetes since the age of 4 years. Dur 
the 


with difficulty, and she experienced many episodes 


ing her adolescence disease was controlled 


of diabetic coma. Following coma, her first preg- 
nancy May, 1951, by the delivery 
of a 1136 gm Ib.) stillborn boy. The pa- 
tient herein described was the result of the second 


terminated in 
(2! 


gestation. There were no episodes of coma during 
the course of this second pregnancy. The mother’s 
blood during this pregnancy ranged from 


79 to 165 mg/100 ml., dropping to 54 mg/100 ml 
on the day of delivery. During the day of delivery 


sugar 


the total 24-hour excretion of glucose was 150 
mg. The maximum daily dose of insulin was 105 
units. No additional hormone therapy was given 
during pregnancy. The mother at 8 months’ ges 
tation was delivered by Cesarean section of a 
girl weighing 2700 gem. (6 Ib. 3 oz.). The in 
fant’s blood sugar was low at birth but rose t 
120 mg/100 ml. by the third day. For two months 
prior to admission the infant had been irritable 
and was treated with phenobarbital. Six weeks 
prior to admission the parents considered the 


infant to be obese. For three weeks prior to ad 
mission the patient was noted to have an eczema 
toid the cheeks. She had 
been on a Food intake had not 
weeks weighed 4100 
12 Ib.) 


temperature was 


and acneform rash on 


low fat formula 


been excessive At 10 she 


gm. (9 Ib.) and on admission 5500 gm. ( 


On physical examination the 


998 F (rectal), pulse rate 108, and respiratior 
rate 28 per minute. The systolic blood pressure 
ranged from 115 to 210 mm. He The infant 
was obese, showing a buffalo hump and moor 
face. There was no axillary or pubic hair and no 
ibnormality of the external genitalia other thar 
slight clitoral hypertrophy. There was hirsutisn 
of the upper lip and an erythematous papular 
rash over the face and neck. The heart was t 
enlarged to percussion, and no murmurs wert 
heard. The abdomen was distended, and the liver 
was palpable 40 cm. below the right costal mar 
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1M 
gin. A firm mass 4.0 em. in diameter unattached 
to the liver was palpated to the right of the um 
bilicus X-ray examination revealed marked 


osteoporosis of the entire skeletal system (Fig 


Fig. 1—X-ray showing osteoporosis of verte- 
brae, pelvis, and femora 


1). X-rays of the chest and abdomen were 
normal, An intravenous pyelogram indicated secre 
tory activity of both kidneys. An electrocardio 
gram was interpreted as showing left axis 
deviation with prolongation of the Q-T interval 
rhis was thought to represent hypopotassemia 
The hemogram was as follows: hemoglobin 
11.8 gm/100 ml., white blood cells 22,700/cu. mm.; 
differential count, 67% polymorphonuclear leuco 
cytes, 29% lymphocytes, and 4% monocytes. A 


total e sinophile cell count was zero per cubic 


millimeter The fasting blood sugar was 115 
mg/100 ml.; plasma sodium 116.9 mEq/L: po 
tassium 3.0 mEq/L; chlorides 76.0 mEq/L: cal 


cum 10.5 mg/1l09 blood urea nitrogen 26 
mg/100 ml., and CO: combining power 22 mEq/L 
The urinary excretion ot ll oxveorticosteroids 
was 2.4 mg. in 12 hours and the 17-ketosteroids 
1.7 mg. in 12 hours.|) For two days prior to 
surgery and on the morning of the operation she 
received 50 mg. of cortisone intramuscularly and 
30 mEq. of potassium ion by mouth. On the ninth 


hospital day, while the patient was under hypo 


The normal 24-hour excretion of 11-oxveorti 
costeroids using the formaldehydrogenic method 
is 0.5-1.5 mg. The normal 24-hour excretion of 


17-ketosteroids for this age is less than 1 me 
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thermic anesthesia, an exploratory laparotomy was 
pertormed. A tumor replacing the right adrena 
gland was found and removed For three lays 
postoperatively the patient’s systolic blood pressur 
ranged between 190 and 210 mm.Hg. Her blow 


1OUrS 


sugar dropped to 55 mg/100 ml, about seven |! 
ie 


postoperatively. She received 10 ml. of adrer 
cortical extract, 50 mg. cortisone, intravenous 
fluids, a blood transfusion, and tetracycline (Aci 
romycin) hydrochloride 75 mg. every eight hours 
and procaine penicillin 1,200,000 units daily. Ay 
proximately four hours following surgery, bleb: 
and bullae appeared on the skin of all extremities 
Pseudomonas aeruginosa and Proteus vulgaris 
were cultured from the surgical wound and 
from the skin lesions , 

Her condition deteriorated on the third post 
operative day and clinical signs of pneumonia be 
came evident. There was abdominal distention and 
a weak cry. The infant died on the fourth post 
operative day after several episodes of apnea 

Pathological Summary.—The surgical 
specimen consisted of a tumor which was 
encapsulated, ovoid, nodular, moderately 
soft, pinkish gray, weighing 105 gm. and 
measuring 8.0 5.5 X3.5 cm. On section the 
tissue was reddish tan and lobulated with 
softened hemorrhagic areas (Fig. 2). 

Microscopically, the cells were polyhe 
dral, forming solid alveolar groups and 
cords separated by capillaries and thin fib 
rous tissue septa. The capsule was invaded 
and areas of hemorrhage and necrosis were 
present. The majority of tumor cells were 
of uniform size with large hyperchromatic 
nuclei and a fair amount of pale cytoplasn 
Mitotic figures were rare. No chromaffin 
was seen following fixation in chrome salts 
or using GOmori’s stain. Oil Red O stain 
revealed minute amounts of fat. The diag 
nosis was cortical carcinoma of the right 
adrenal gland (Figure 3). The tissue was 
submitted to Dr. Fred W. Stewart, Memo 
rial Center, New York, who concurred in 
the diagnosis. 

Postmortem examination was perform 
three hours after death. At autopsy the i: 
fant weighed 5557 gm., measured 22 ct 
and presented the classical habitus at 
facies of Cushing's syndrome. A few act 
form lesions were noted on each cheek and 
a thin line of fine dark hair outlined t 
upper lip. Except for slight clitoral « 
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Fig 3 Mi roscopic 
pe ince o ac 
ras wr appearance f adrenal 


rgement the genitalia were those of a fe 25 cm. over the abdomen. The heart was 


ile infant. No axillary or pubic hair was — twice the normal weight, and the left ven 
resent. Superficial necrotic areas and tricle was hypertrophied. Miliary abscesses 
bs measuring up to 1.5 cm. were present) were present’ im the lungs and many 

er the left heel, right leg, and upper ab- — branches of the pulmonary artery were 
men. Postmortem blood culture grew filled with emboli of tumor cells which 
: seudomonas aerugenosa. Subcutaneous were identical in appearance to those seen 
averaged 3.0 cm. over the thorax and in the original tumor (Fig. 4). The liver 
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and Fig. 2.—Right adrenal cortical tumor. , * 
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studded thre uughout with 


lated foci of tumor cells similar in appear 


was unencapsu 
ance to those described above. 

The thyroid, thymus, spleen, and lymph 
The pancreas 
8.5 1.0> 


nodes were not remarkable. 


and measured 


islets of 


weighed 10 gm 
0.5 cm. The 
numerous throughout the gland. 


Langerhans were 
The right 
The left 


measured 


adrenal was surgically absent. 


adrenal weighed 1.5 gm. and 
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Anterior pit 
gland 


Fig. 5 
uitary showing 
Crooke’s hyaline change 
of the 


mag. 650 


basophilic cells 


1.0X0.4X0.3 cm. Oil Red O stain revealed 
more lipid in the zona glomerulosa than in 


the remaining zones. The kidneys wer 


normal except for a few hyaline casts in the 


collecting tubules. The vagina, uterus 
tubes, and ovaries were infantile. The br: 
was not remarkable except for a 4.0 3.0 
2.0 cm. subdural blood clot overlying 
right frontal area. The pituitary gland was 


grossly normal. Microscopically, the acid 
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Clinical and Pathological Findings in Malignant Tumors of 


Age of Age at 
Authors Sex Patient, Onset, : Hirsutism Virilism Blood Osteo 
Yr. Pressure porosis 


Eosinopenta 


Bullock and Sequeira 


Kennedy and Lister '* 


Schweizer and Senet '* 
Van der Bogert ** 9 mo 
tthe 3! 


tasmussen 


rooke and Callow 


Case 2 


Farber and others 


Glanzmann 


Walters and Sprague 
Walters and Sprague 
Walters and Sprague 15 mo. 
Walters and Sprague 17 mo. 
or pit Wilkins ** 5 mo, 3 mo 


Case | 
Garrett + Delayed 
ossification 


howing 


Case 2 
Garrett ?* 
Case 4 


Talbot?! 


Talbot 


Harrison 


Female dis- Feminiza 


Picard and others 
tribution tion 


Wilkins ** 


Grob and others ** 4 
Falk? P 10 mo. 10 mo 


2% 13 mo. 


Févre and others 


Guin and Gilbert , 3 mo. 6 wk. 


I 
» 
- 
ab... 10 + + + + + 
+ + + is 
= 
+ + + 110 Wa 
. 
. 
4 
+ 
4 4 4 120 Bao 
210,110 
M mo. mo + 4 + 15/90 
af 
Sue 
mae 
F WwW + + + + 150/80 ig 
210/150 
185/135 + + 4 
210/140 
‘2 F 3 + . 138/110 ; = 
4 
Davies ** M 2% 2 + - + 20) 140 + 
vealed 
lan in 
wert 
in the 
+ + 190/210 + 4 4 
3. 
g tne 
d Was 
at 


the Adrenal Cortex 


Urinary 
Secretion 


of Hormones External 
— Genitalia 
17-KS 11-0C8 
Clitoris enlarged 
Clitoris not en 
larged; labia 
enlarged 
Clitoris and labia 
enlarged 
Clitoris enlarged; 
vulva prominent 
Up to Enlarged 
850 meg 
Normal 
4 
+ Enlargement of 
of penis 
4.1 
6.2 
3.0 
1,1 
6.5 
Less than 
1 mg. 
Normal 
51.3 3.5; estrogens Adult 
00.5 greater than 
20 rat units 
15 Enlargement of 
penis and 
scrotum 
6.46 0.2 Enlargement of 
pen 
150-256 
32 Folliculin Penis small and 
275 atrophic; small 
testis; gyneco- 
mastia 
112 Enlarged penis 
1.43-8.4 Normal 
1.4-2.5 Normal 
10-20 
0.55 Enlarged clitoris 
34 4s Slightly enlarged 


clitoris 


Right Left 
Adrenal Adrenal 
Enlarged rumor 
Small Tumor 
Tumor 
Tumor Large 
lumor 
Tumor 
Tumor 
Tumor 


Tumor 


Tumor on 
Tumor 
Tumor 
? rt. or It. 
Tumor Normal 
Tumor Tumor 
rumor 
Tumor 
rumor 
lumor Normal 
Tumor 
Not Normal 
present 
Extreme 
autolysis 
Tumor 
Tumor 
Tumor Not 
found 
rumor Normal 


Producing Cushing’s Syndrome in Children 


hange in 


Crook's Hyaline 


| 


Pancreas 


Pituitary 


+ Increased 


islets 


Histopathology 


Adrenal cortical 
carcinoma 

Hypernephroma, 
adrenal cortex 


Adrenal cortical 
carcinoma 
Carcinoma of left 
adrenal 
Carcinoma of left 
rer 
Carcinoma of left 
adrenal 


Carcinoma of 
adrenal cortex 
Carcinoma of 
adrenal cortex 
Carcinoma of 
adrenal cortex 
Histologic descrip- 
tion consistent with 
carcinoma of 
adrenal cortex 
Carcinoma of 
adrenal cortex 
Carcinoma of 
adrenal cortex 
Carcinoma of 
adrenal cortex 
Adrenal cortical 
carcinoma 
Adrenal cortical 
carcinoma 
Carcinoma of 
adrenal cortex 
Carcinoma of 
adrenal cortex 
Carcinoma of 
adrenal! cortex 


Carcinoma of 
adrenal! cortex 


Carcinoma of 
cortex 

Carcinoma of 
adrenal cortex 

Carcinoma of 
adrenal cortex 


Carcinoma of 
aberrant adrenal 
tissue in right 
lobe of liver 

Adrenal cortical! 
carcinoma of 
aberrant adrenal 
tissue 

Adrenal cortica! 
carcinoma 

Adrenal cortical 
carcinoma 

Adrenal cortical 
carcinoma 

Adrenal cortical 
carcinoma 


Status 


Autopsy: Metastases t 
and lungs 

Autopsy: metastases 
lungs 


Autopsy: invasion of r 


kidney, metastases 
lungs 

Autopsy 

Autopsy: metastases to 
and lungs 

Autopsy 

Autopsy: mnetastases t 
lymph nodes and 


vasion of left kidney 
Autopsy 


Autopsy 


Autopsy 


Autopsy 


Surgery 


Surgery 


Surgery and autopsy 
tastases to liver and 
Surgery 


Autopsy: metastases 
para-aortic nodes 
Surgical exploratior 

tastases to liver; d 
autopsy. 
Surgical exploration 


Surgical exploratiot 


Autopsy at age & 
tastases to lungs 
Surgery, punch biopsy 

pulmonary metastase 


Surgical exploration 


Autopsy: umbilical 
and peritoneal depo 
adrenal carcinoma 
tastases to liver 

Surgical removal of t 


Autopsy: No meta 


Autopsy: No metastas 


Autopsy: Metastas 
liver and lungs 
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- cells were increased in number. The 
normal 
] 16 


thilic cells were numerically 


were increased in size. A- Russel 
revealed hyalinized cytoplasm with 
The 


intermedius and pars posterior were 


remarkable. 


eccentric nuclei (Fig. 5). 


rged 


Comment 


Cushing’s syndrome, whether in children 
idults, reflects a hyperadrenocorticism 
vith respect to cortocoids.? The somatic 
rations include buffalo type of obesity, 
nlethora, moon face, striae, hirsutism, hy- 
ertension, cessation of growth, and atrophy 


i skin. muscle, and bone. Osteoporosis 1s 


rtebrae, ribs, pelvis, and less frequently 
the skull. In addition, a diabetic glucose tol- 
rance curve, eosinopenia, and elevated 
lood and urinary corticoids are found. The 
fasting blood sugar is usually within normal 

its. When diabetes is present it is in 
the 
gram include hemoglobin values between 15 
nd 17 100 5,000,000 to 


7,000,000 erythrocytes per cubic millimeter. 


ulin resistant. Alterations im hemo- 


gm ml., and 


Total eosinophile counts are usually below 
100 per cubic millimeter.* 

tastases 
odes 


Hyperadrenocorticism 1s reflected in the 


nereased production of corticosteroids, 
vhich causes disturbances in carbohydrate 
etabolism, and excess of androgenic ste 
ids which results in hirsutism, acne, en 
the 


symptoms of 


irgement of external genitalia, and 


ther virilism. Variation in 


ounts of these two steroids accounts for 
the frequent occurrence of mixed forms. It 


s not our purpose to review the physio 
vilical 
al depo 
cino! 
ver n 
val of tu 


pathology of Cushing's syndrome, since it 
s been amply recorded elsewhere. 


The literature was searched for all au 
neta : 
enticated cases of adrenal cortical care) 


ma associated with Cushing's syndrome 
children in whom the disease began b 
re the age of 14 


g years. Twenty-eight 


ses were found, and the authors have 


lded one of their own, believed to be the 


© References 4, 5, 6, and 8 


The 


presented in the Table 


youngest reported to date. data on 
these patients are 
Any attempt to tabulate the cases of ad 
renal cortical carcinoma with Cushing's 
syndrome in a comprehensive fashion is 
limited by the degree of completeness of the 
reported cases. The cases of Walters and 
Sprague,** although not fully described in 
the literature, have been cited by Forbes 
and Albright ** as authentic cases of Cush- 
ing’s syndrome due to adrenal cortical car- 
cinoma and have therefore been included 

Several cases of adrenal cortical tumors 
were omitted from this Table because suffi 
cient clinical or histological evidence was 
lacking on which to establish an unequivocal 
Although the cases of Tek 
sius,# Ogle * and Pitman,*! Dickinson,* 
Weisse,** Allibone ** had 


adrenal cortical carcinoma, they were re 


diagnosis. 


(two cases) 


ported as showing only obesity and hirsu 
The 


been 


These cases have been excluded 
Fox | 45 


omitted as they showed only obesity, hirsut 


tism. 


cases of and Birrel have 


clitoral while the 
Cooke.,7 Ro6mkild,t 


and Lundh ** have been excluded 


ism, and enlargement, 


cases ot 


f and 
Walker,§ 


Bevern 


because of insufficient histological descrip 
Kis-Varday 


neuroblastoma of 


tion. recorded a case of 
the adrenal gland in a 
17-year-old girl with Cushing’s syndrome 


the ; 14 
the his 


whose symptoms began at 
This case was omitted because of 
tologic diagnosis 

Of the 29 tabulated cases, 20 were fe 


males and 9 were males. Eighteen patients 


died, and all but one of these came to au 
topsy; however, histologic confirmation of 


adrenal cortical this 
had 


Nine patients underwent surgery. As of 


1956, the 


carcinoma on patient 


been previously obtained surgically 


February, patient reported by 


+ Telesius, cited by 
* Dickinson, W. 


Linser.™ 


ind Sequeir 


Neurath.“ 


4 
7 
st 
u 
sTuses d 
sion of r ay 
Las tases 
stases t 
nd and tally es the 
stases t bathed | 
es and 
kidney 
i 
. 
+ 
> 
hue 
en 
oa? 
Pane 
hd 
ver: die “ 
r; died 
atior 
Sue 
atior sue 
ae 
ge 
“4 
ing 
biopsy 
a 
= 
| 
| 
etasta* 
A 
cited by Bullock and Se 4 
t Bevern and Romkild, cited by 
Walker, cited by Richards’ 
4 


Wilkins ** is well, without evidence of dis 
cease. 

The range of urinary excretion of 17-ke 
tosteroids is wide in all age groups and may 
a variety of clinical set 
tings.” The 17-ketos 


teroids was ascertained in 17 patients and 


be influenced by 


urinary excretion of 


found to be elevated in 15. Estimations of 


and 17-hydroxycorticoids 


plasma urinary 


and 17-ketosteroids provides the 


urinary 
most accurate measurement of adrenocorti 
cal activity. Recently, several investiga 


tors # have demonstrated a_ persistent 
elevation of the urinary and plasma 17- 
hydroxycorticosteroids and the urinary 17- 


ACTH 


cortical 


ketosteroids after stimulation in 


patients with adrenal carcinoma. 
This is in contradistinction to patients with 
adrenal cortical hyperplasia and adrenal cor 
tical adenomas and appears to provide an ac- 
benign 
from malignant Al- 


bright ** in a study of 90 patients found the 


curate method of differentiating 


lesions. Forbes and 
highest excretion of 17-ketosteroids in pa- 
The 


dence of virilism was also high in these 


tients with malignant tumors. inci 


patients. A diagnosis of carcinoma of the 
adrenal cortex is strongly suggested when 
the 17-ketosteroid excretion exceeds 30 mg. 
per 24 hours.** The alpha 17-ketosteroids 
are elaborated by both the adrenal cortex 
and male gonads, whereas the beta 17-ketos 
teroids are produced only by the adrenal 
Talbot 
that an 


cortex. and co-workers have sug- 


gested increase in the excretion 
of beta ketosteroids occurs in adrenal cor 
tical carcinoma. The 17-hydroxycorticoid 
excretion was determined in only 4 of the 
29 patients and was found to be elevated 
in each instance. 

Only one example ** of feminization was 
found in this series of collected cases, and 
this was presumably the result of increased 
secretion of One other 


estrogens, case 


(Garrett,2” Case 4) showed increased uri- 
Wilkins, L., 
authors. 
{ References 50 and 51 
# References 52-57. 


personal communication with the 
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nary excretion of estrogens without clini 


cal evidence of feminization. 

Crooke ® noted the association of a hya- 
line change in the basophilic cells of the 
pituitary in patients with Cushing’s syn 
drome. This change, however, is not yet 
the 


the hyaline change was noted in six of the 


fully understood. In cases tabulated 


Eisen 


eight cases in which it was sought. 


' studied the pituitary 


hardt and Thompson ® 
glands of 90 patients with Cushing’s syn 
drome and found Crooke’s hyaline chang: 
to be present in all cases. Hyperplasia ot 
the islet cells of the 
noted previously in patients with adrenal 
Heinbecker ® believed 


that hyperplasia of the islets of Langerhans 


pancreas has been 


cortical carcinomas. 


in Cushing’s syndrome was the result of an 
imbalance among the acidophilic cells, whict 
he considered to be hypofunctioning. In 
the present case the picture is further com 
plicated by the fact that the patient’s mother 
Maternal 
development of carcinoma and Cushing's 


was diabetic. diabetes with the 
syndrome in the infant suggests an endocri 
nological relationship. Hyperplasia of the 
islets of Langerhans in infants born to dia 
betic and prediabetic mothers has been ex 
tensively studied,* and an increase in the 
size and weight of the adrenal glands has 
been observed in these infants.¢ An in 
crease in the number of eosinophilic cells i 
the t 


hypophysis ¢ will 
hyperplasia of the female sex organs has 


anterior together 
also been described.§ 

Adrenal cortical carcinoma, though rar 
is the most frequent cause of Cushing's 
The 
finding of elevated plasma and urinary cot 


ACTH 


should aid in the differentral diagnosis 


syndrome in infants and_ children. 


ticosteroids following stimulatior 


adrenal cortical tumors. 
Summary 


The 


syndrome due to adrenal cortical carcino: 


case of an infant with Cushing's 


* References 63-65 
+ References 66 and 67. 


References 71 and 72 


t References 66, 68-70 
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cases of adrenal 


venty-four 


noma 


ted 


Persistent elevations of 


provide an 
wenosis of adrenocortical carcinoma. 
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RETROPHARYNGEAL ABSCESS 


EDWARD H. TOWNSEND JR., M.D., 
Rochester, N. Y. 


HE RETROPHARYNGEAL space 
is subject to bacterial invasion from 
the nasopharynx and from the cervical 
vertebrae, each mode of invasion giving its 
own characteristic clinical picture. Since 
the advent of chemotherapy, abscesses of 
the retropharyngeal space have become rare, 
but in recent case reports * the clinical 
picture is the same as described in the last 
century 
\s pyogenic organisms acquire resistance 
to therapeutic agents, the several complica 
tions of nasopharyngitis once controlled are 
reoccurring. Such diseases as mastoiditis 
and peritonsillar as well as retropharyngeal 
abscess are seen with increasing frequency 
and often present new or unusual signs and 
symptoms. 
The case reported herein presents a new 
syndrome associated with retropharyngeal 


abscess 


Report Of a Case 


\ 5-year-old girl of Mediterranean origin was 
first seen on March 26, 1954, with a chief com 
plaint of a stiff neck of one month’s duration 

The present illness began on Feb. 25, 1954, 
when she was taken to a physician because of a 
sore throat, “stiff neck” (limited lateral move- 
ment of the head, head held in a semiflexed posi- 
tion, and inability to extend the head to the 
neutral position), and cervical adenitis presumably 
of the anterior cervical chain She received 
300,000 units of procaine penicillin G on each of 
two successive days with a concurrent subsidence 

Submitted for publication April 10, 1956; ac 
cepted April 30, 1956 

From the Pediatric Service of the Rochester 
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Presentation of a New Syndrome in an Unusual Case 


of temperature and pharyngeal symptoms, but th 


“stiff neck” remained. Symptomatic therapy fo: 
this complaint was prescribed, and on one occasior 
she was taken to a chiropractor whose manipul 
tions failed to relieve the patient 

On March 12, 1954, she complained of inabilit 
to swallow solid food. On March 24, 1954, she 
was taken to a local pediatric clinic where th 
resident, presuming this to be a cervical sublux 
tion,” referred the patient to the author. Roen 


genograms of the cervical region (Fig. 1) were 


Fig. 1—March 26, 1954, roentgenogram on 


mission demonstrating the large retropharynge 


mass, loss of nermal cervical lordosis, and “sub 


2? on C-3 


luxation” of C 2 


taken at this time, and the child was admitted 

the Rochester General Hospital on March 26, 1954 
Physical examination on admission revealed 

chronically ill 5-year-old girl in no acute distré 


She was unable to swallow solid food. Her neck 
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ROPHARYNGEAL ABSCESS 
held semiflexed. Flexion of the neck was 
ess but extension even to the neutral position 
not possible. Pain also limited lateral move- 
of the head to 15 degrees in either direction 
ler gibbus posteriorly at the level of C-2 was 
ent. Thus complete examination of the oronaso 
nx was not possible, but with this limitation 
remainder of the physical examination was 
lhe temperature, pulse, and respiratory 

were normal 
ratory Data—The hemoglobin was 13 
100 cc., and the white blood cell count was 
0), with 80% polymorphonuclear leucocytes, 
lymphocytes, 2 % monocytes. A nose and 


t culture showed Staphylococcus aureus and 

¢ pneumococci. An x-ray film taken on ad 

scion (Fig. 1) revealed the presence of a large 

etropharyngeal mass, obliteration ot the normal 
ervical lordosis, and subluxation of C-2 on G 


fter consultation with the anesthesia and oto- 
ngological service, surgery without anesthesia 


recommended. Laryngoscopy carefully pert 


2—Roentgenogram March 31, 1954, 48 
after incision and drainage of the abscess 
ervical derangement previously described 
1) is less evident and the retropharyngeal 
ce 1s smaller im size 

Dr. George Trainor, otolaryngologist, incised 


€ retropl arvngeal abscess 


Fig. 3.—Roentgenogram in June, 1955, showing 
normal anatomical relationship of the cervical 


elements 


formed revealed the apex of 1 retropharyngeal 
mass to be yellow in color, fluctuant, and directly 
opposite the glottis. The meision was painless 
and approximately 30 cc. of thick yellow pus under 
tension was recovered 
After surgery the temperature rose to 103 F. 
Penicillin having been started prior to operation, 
no further therapeutic measures were leemed 
necessary. The temperature became normal 12 
hours later. The remainder of the hospital course 
was uneventful 
Culture of the abscess reve iled a predommence 
of beta hemolytic Streptococcus, a tew pneumo 
cocel, and occasional Stapl vlococcus albus hemo- 
Ivticus. On the second postoperative day, she was 
thle to move her neck with minimal evidence ot 
previous limitations and a roentgenogran (Fig 
2) showed marked reduction size of the retro 
pharyngeal space 
A roentgenogram one year ‘ (Fig. 3) 
showed complete restoration oft natomn 
relationship of cervical elements and no evidence 
ar or abnormality of the cervical vertebra 
not been ill since this episode, im par- 
ticular there hi o recurrence oft naso 


pharyngeal or 
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Comment 

Retropharyngeal abscess is representative 
of the many sequelae to nasopharyngitis, 
which have become rare since the advent of 
chemotherapy and antibiotics. During this 
era physicians have become unfamiliar with 
these problems so that when such diseases 
now occur they either meet an inexperi- 
enced physician or, under the influence 
of chemotherapy (‘‘adequate” or “inade- 
quate’), present signs and symptoms bear- 
ing little resemblance to descriptions once 
considered “characteristic.” 

Descriptions of the symptomatology of 
retropharyngeal abscess in pediatric text- 
books have not changed from 1890§ to 
recent times. 

Infections in the nasopharynx may 
spread to the retropharyngeal space by way 
of lymph channels causing lymphadenitis, 
suppuration, and abscess formation. The 
retropharyngeal lymph glands are usually 
four to six in number, paired on either side 
of the midline, and separated by the bucco- 
pharyngeal fascia. Thus retropharyngeal 
abscesses secondary to nasopharyngeal in 
fections are localized to one side of the 
midline. Since these retropharyngeal glands 
disappear during the second and third year 
of life, retropharyngeal abscess is charac 
teristically a disease of infancy and “almost 
never seen after the age of three.” . 

Retropharyngeal abscesses usually rup- 
ture into the oropharynx with subsequent 
granulation and healing of the abscess 
cavity but, if untreated, present a mortality 
rate of 10%. Death may be caused by 
dissection of the abscess into the mediasti 
num, pneumonia, or rupture of the abscess 
in such a manner as to asphyxiate* the 
patient. 

Bacteriologic studies have shown the in- 
fections to be due to a mixed flora in 60% 
of the cases. but hemolytic streptococci are 
usually found to predominate. Where pure 
cultures are obtained, again hemolytic strep- 
tococci predominate. This pattern has been 
true in all respects over the past 50 years 
§ References 4 and 5 


References 6 and 7 
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and has not been changed by the advent of 
chemotherapy. This case, therefore, follows 
established rules. 

In contrast to this source of retropharyn 
geal infection, invasion may come from the 
cervical vertebrae. This form of abscess is 
usually chronic, tuberculous foci being 
found in the cervical vertebrae. This 
chronic form of invasion apparently de 
stroys the buccopharyngeal fascia so that 
the abscess comes to lie in the midline. 

The symptomatology of retropharyngeal 
infection is due to the presence of an in 
fection (i.e., nasopharyngitis with fever and 
toxic symptoms depending on the invading 
organism) and a mass behind the pharynx 
This mass pushes forward, ultimately in 
terfering with deglutition and respirations, 
depending upon the location of the abscess 
If the apex of the abscess is located in the 
nasopharynx, interference with nasal respi 
rations is suffered, but, if the apex is oppo- 
site the glottis, interference with deglutition 
and respiration is maximal and may be 
serious. In order to assure an adequate 
airway under such circumstances the head 
is held in full extension with the mouth 
open—a position considered by many to be 
pathognomic of this disease. The signs and 
symptoms of retropharyngeal invasion may 
appear within 48 hours of onset of the pri 
mary pathology or develop over a three- to 
four-week period. 

The case reported herein is unusual in 
many respects. The chronicity of the course 
and the age of the patient are prominent 
exceptions to standard descriptions. Of 
greater importance, however, is the clinical 
syndrome evolved in this case, perhaps in 
fluenced by chemotherapy and as such an 
indication of the future syptomatology of 
this disease. 


In 1952, Townsend and Rowe * studying 


the mobility of the cervical spine found a 


considerable degree of mobility of C-2 on 


C-3 present in all children. They also found 
that pharyngitis and allied disorders might 
be accompanied by a forward displacemen! 
of C-2 on C-3. They postulated that ret 
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ROPHARYNGEAL ABSCESS 
yngitis and consequent spasm of the 
pharyngeal muscles were etiologic fac- 
in the pathogenesis of the syndrome. 
case proves such a postulate to be 
ble. One might reconstruct the patho- 
renesis of the presenting syndrome in this 
in the following manner: During a 
pharyngeal infection, bacteria migrated via 
lymph channels causing retropharyngeal 
ellulitis with consequent spasm of anterior 
paraspinal muscles. Initially this case might 
shown a roentgenogram similar to 
those previously reported.* 
Chemotherapy and antibiotics subdued 
iny overt manifestation of retropharyngeal 
ibscess formation which thus could develop 


lowly presenting a “chronic” invasion 
with destruction of the buccopharyngeal 
fascia so as to allow central placement of 


The cervical region, initially 


type 


ibscess. 
iught in this position of anterior flexion, 
nained flexed with subluxation of C-2 on 
C-3 while the abscess developed and in- 
reased in size. 

Rapid and complete reversal of the 
clinical syndrome upon drainage of the 
ibscess iS presumptive evidence that no 
ther pathology was influencing the clinical 
picture in this area. 

Thus, a clinical syndrome unchanged in 
standard description over fifty years may, 
under the influence of chemotherapy and 
intihiotics whether adequate or inadequate, 
issume new facets which outwardly seem 


incompatible with the supposed pathology. 
The application of other pathogenetic pro 
cesses, however, may serve to explain the 


apparent reversal of a clinical syndrome. 


Summary 
A case of retropharyngeal abscess in an 
older child presenting a new clinical syn 
drome has been reported. The pathogenesis 


of this syndrome is discussed. 
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Abstracts from Current Literature 


American Heart Journal, St. Louis 
51 :647-806 (May) 1956 


*An Ontogenetic Theory for the Explanation of Congenital Malformations Involving the Truncus and Conus 
Maria V. De La Cruz and Jose Pio Da Rocha.—p. 782. 
An Ontogenetic Theory for the Explanation of Congenital Malformations Involving 
the Truncus and Conus.—This article does not lend itself to satisfactory abstraction and 
should be read m fot 


Based on the embryological work of Davis, Streeter, and Kramer on a study of embryos 


in the Carnegie Collection, and on a study of clinical material, the authors have developed an 
ontogenetic theory to explain congenital truncoconal malformations. These malformations are 
believed to result from developmental alterations of the conoventricular flange, the truncoconal 
ridges, and the primordia of the aortic and pulmonary cusps. Their theory may be applied to 
abnormalities involving lateral positions of the great vessels, transposition, unequal partition 
ing of the truncus at the expense of the aorta or pulmonary artery, common truncus and 
valvular defects. The authors apply their theory in particular to some of the more commonly 
encountered congenital malformations, including common truncus, Eisenmenger complex, 
“al tetralogy of Fallot, solitary aortic trunk, tranposition of the great vessels, and the Taussig- 


Bing complex 


American Review of Tuberculosis, New York 
73:157-313 (Feb.) 1956 
Lymph Node Tuberculosis in Neck, Axilla, and Groin. Charles W. Lester and Julia M. Tones.—p 
: Calcification of Regional Lymph Nodes Following BCG Vaccination. Samuel C. Stein and Martin J]. Sokoloff 


229 

Virulence for Guinea Pigs of Tubercle Bacilli Isolated from Pulmonary Lesions Resected During Chemotherapy 
Joseph P. Kazlowske, Edwin Broshe, James W. Raleigh, and Sidney Bernstein.—p. 266 

Fatal Case of Tuberculosis Produced by BCG. H. G. Calwell.—p. 301 


Antimicrobial Treatment of Primary Tuberculous Infection in Children. Stefan Grzybowski.—p. 301 


73:315-450 (March) 1956 


Experimental Air-Borne Infection: A Comparison of Different Masks in the Protection of Rabbits Against 


Inhalation Infection with Tubercle Bacilli. Samuel Abramson.—p. 315 
Lobar Ventilation in Man. ( |. Martin and A. C. Young p. 330 
Tuberculosis in Infants and Children: A Review. John S. Chapman.—-p. 422 

73:451-008 (April) 1956. 


Coccidioidomycosis: A Review and Presentation of 100 Consecutively Hospitalized Patients. Denis |. O'Leary 


and Francis |. Curry p. 501 
fi The Reflex Responses to Inflation or Deflation of the Lungs and Their Importance in the Regulation of 
‘a Respiratior |. Garcia Ramos p. 519 
- *Cycloserine Antituberculous Activity in Vitro and in the Experimental Animal. William Steenken Ir., and 
Emanuel Wolinsky p. 539 
The Significance of Antibodies to Tuberculoprotein and Polysaccharide in Resistance to Tuberculosis 
Interference with Antibodies by These Antigens. Florence B. Seibert, Elizabeth E. Miller, Ute Buseman, 
Mabel V. Seibert, Eva Soto-Figueroa, and Lois Fry p. 547. 
Serologic Investigations of Mycobacterial Antigens: I. The Specificities of Aqueous and Saline Extracts of 
BCG, Mycobacterium Phlei, and H37Rv |. R. Thurston, M. Rheins, and T. Huziwara.—p. 56 
Serologic Investigations of Mycobacterial Antigens I! Specificities of Antigens Obtainea by Successive 


Aqueous Extraction of BCG and Mycobacterium Philei. J. R. Thurston and M. Rheins.—p. 571 


. Lymph Node Tuberculosis in Neck, Axilla, and Groin.—The treatment of tuberculosis 
~. of the lymph nodes is discussed with reference to 66 cases since the advent of chemo 

therapy. These patients were mostly adults. Medical therapy alone was used in 12 cases 
A and combined medical and surgical therapy in 54. Surgical therapy consisted of removal 
* ot all diseased nodes and excision of abscesses when present. If the abscesses were 


large, drainage and instillation of streptokinase-streptodornase solution was done as a 
preliminary measure. The authors stress the need of general supportive care and anti- 
tubercular drug therapy during the acute stage until the lesions become stationary. At 


that point they feel that surgery should be carried out to eradicate the lesion 
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1BSTRACTS FROM CURRENT LITERATURE 


Tuberculosis in Infants and Children, A Review.—One hundred and one tuberculous 
vatients, discharged from a children’s hospital, are reviewed. Fifty-six per cent were 
inder the age of three years. 

Possibility of multiple sites of invasion is suggested by widespread distribution of 
lisease in both lungs in 20% of cases and occasional occurrence of tuberculosis imbedded 
within the tonsils. 

Lack of real differentiation from tuberculosis as seen in adults is indicated by the 
repeated occurrence of pulmonary necrosis in the presumed sites of invasion, development 
yf superficial implantation type of bronchitis, and occurrence of effusions 

The author notes the recent adoption of a basic drug regimen for all cases. This 
includes isoniazid, 4 mg/kg., and PAS, 200 mg/kg. per day, with both drugs administered 
for a minimum of one year. In children with miliary or meningeal infection isoniazid 
losage has been increased to 10 mg/kg. for the first two weeks with the addition of 
streptomycin-PAS for the entire course. 

Treatment of tuberculosis of the superficial lymph nodes includes isoniazid-PAS, 
excision of the nodes when practicable, incision and drainage when the nodes are fluctuant, 
and the application of radiation therapy when the nodes are multiple or when palpable 
masses persist after drainage. 

Evidence is offered which suggests that adequate drug therapy of tuberculous osteo 
irthritis may allow less drastic surgical management. 

Cycloserine: Antituberculous Activity in Vitro and in the Experimental Animal.— 
Studies revealed that cycloserine inhibited the growth of human virulent tubercle bacilli 
in vitro in concentrations of 6.25y per ml. in liquid medium and 20y in solid medium 
Although cycloserine was relatively ineffective in the therapy of experimental tuberculosis 
of mice and guinea pigs, othér studies have noted that this drug produced a definite, but 
limited, beneficial effect in experimental tuberculosis of rabbits and monkeys. This 
situation demonstrates the importance of using several animal species for the evaluation 


f potential antituberculous agents 


Journal of the American Medical Association, Chicago 
160 :819-922 (March 10) 1956 


*Fibrocystic Disease of the Pancreas, a Generalized Disease of 


p. 846. 


Exocrine Glands. Paul A. di Sant’Agnese 


160 :923-1004 (March 17) 1956 
*Clinical Investigation on Attenuated Strains of Poliomyelitis Virus: Use as a Method of Immunization of 


Children with Living Virus. H. Koprowski, T. W. Norton, G. A. Jervis, T. L. Nelson, D. L. Chadwick, 


and D. L. Nelson.—p. 954. 
*Ventricular Septal Defects with Pulmonary Hypertensior 
Pump-Oxygenator. J. W. DuShane, J. W. Kirklin, R. T. Patrick, D. E. Donald, H. R. Terry, and 


H. B. Burchell.—p. 950. 


Surgical Treatment by Means of a Mechanical 


160 :1005-1100 (March 24) 1956 
*The Pediatrician Examines the Mother and Child: Introducing a Chart to Record Growth and Development 
E. Robbins Kimball.—p. 1033 
160 :1439-1538 (April 28) 1956 
Management of Alkali Burns of the Eosophagus. G. M. Carver Jr... W. C. Sealy, and M. I Dillon Ir.— 
1447, 
"Natural Course of Active Rheumatic Carditis and Evaluation of Hormone Therapy. M 
Ngo Lim p. 1457. 
161:1-120 (Mav 5) 1956 
Gri Technique as a Tool for Improving Health Services to Institutionalized Children Ralph Fried an 
M. F. Mayer.—p. 1 


*Salient Points in the Clinical Diagnosis of Congenital Heart Disease. B. M. Gasul and FE. H. Fei 


t 


\denomas of the Rectum and Colon in Juvenile Patients Robert Turell and A el Mayr 
161 :121-182 (May 12) 1956 
*Complement Fixation in Cat Scratch Disease Employing Lygranum C. F. as Antier Charles Armstrong 
Worth B. Daniels, Frank G. MacMurray, and Horace C. Turner p. 149 
161 :183-302 (May 19) 1956 
Toxoplasmosis In Man and Swine—An Investigation of the Possible Relationship; David Weinman ar 


A. H. Chandler.—p. 229. 
Fibrocystic Disease of the Pancreas, a Generalized Disease of Exocrine Glands.— JT}: 


1uthor presents a new concept of the nature of fibrocystic disease of the pa reas I} 
oncept has evolved during the past tew years with the demor Sstratior It the consistent 
occurrence of a specific abnormality of sweat in patients with this disease. The var 

ryt 


systems envolved and the resulting symptoms are discussed 
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In the author's series of 325 patients the pancreas was involved in all but 10% and 
the respiratory tract in nearly all patients. Respiratory disease accounted for 90% of the 
deaths. “Focal biliary fibrosis” was found at autopsy in 25% of 116 autopsied patients 
In 7 of the 325 patients the syndrome of portal hypertension was present. The author 
states that fibrocystic disease of the pancreas accounts for one-third of patients with this 
symptom complex in the pediatric age group. Sweat chloride and sodium are increased 
two to four times above the concentration found in normal persons. This abnormality 
is found in 99% of patients with this disease, and the determination is a valuable diagnostic 
tool. Abnormalities in the secretion of the salivary glands and duodenal contents are 
discussed, A section is devoted to the diagnosis, prognosis, and treatment of the disease 


Clinical Investigations on Attenuated Strains of Poliomyelitis Virus: Use as a Method 
of Immunization of Children with Living Virus.—The authors present a detailed descrip 
tion of their investigations concerning the problem of whether man can successfully be 
immunized against poliomyelitis by oral administration of live attenuated viruses. Under 
carefully controlled conditions 225 patients in a state mental institute received the polio 
myelitis virus orally for immunization purposes. There were 150 patients who received 
the TN (Type 2) strain and 75 who received the SM (Type 1) strain. None of the subjects, 
as far as could be ascertained, suffered any ill-effect from ingesting the live virus. All 
developed antibodies. Attempts to suppress viral excretion in the stools by the use of 
drugs met with little success. Administration of gamma globulin at the time of virus 
feeding had no effect on antibody response. The authors conclude that with slow and 
careful research the living attenuated viruses may find their proper place in the line of 
combat against poliomyelitis. 

Ventricular Septal Defects with Pulmonary Hypertension: Surgical Treatment by 
Means of a Mechanical Pump-Oxygenator.—The authors report an open intracardiac 
technique to close ventricular septal defects using a mechanical pump-oxygenator. There 
were 20 patients operated on using this technique between March and October 1955. Of 
these 20 patients 19 were under 12 years of age. All but two of the children were under 
weight and moderately to seriously handicapped with regard to exercise tolerance. In 3 
patients the defect was closed by direct suturing, whereas in 17 patients a nonabsorbable 
polyvinyl sponge was placed in the opening and sutured to the rim of the septal defect 
Sixteen patients survived operation and have shown pronounced improvement. Labora- 
tory procedures used to determine the physiopathology of the heart before, during, and 
after surgery are briefly discussed 

The Pediatrician Examines the Mother and Child: Introducing a Chart to Record 
Growth and Development.—The fact that there was considerable variation in response 
of children to test situations prompted a study to determine the causes. A 10-year survey 
of testing the mental development of children at the Evanston Infant Welfare Society 
revealed that the reactions were affected not only by the presence of the mother but also 
by the personalities of the parents when neither were present. Other factors which seemed 
to affect adaptability to test situations were the sex, the place in the family, breast feeding, 
and the amount of compartmentation (separation of child play from adult dangers) 
practiced by the parents. The author introduces a chart on which are recorded not only 
the physical and mental development but also the various factors affecting the child’s 
adaptability. One of the conclusions from this study was that the use of compartmentation 
increased the adaptability of the school child more than twofold and that of the toddler 
nearly fourfold. 

Natural Course of Active Rheumatic Carditis and Evaluation of Hormone Therapy.— 
In reviewing the course of 100 patients who experienced one or more attacks of rheumatic 
carditis and were treated symptomatically, the authors found that the severity and dura 
tion of rheumatic carditis remained remarkably constant in the span of years from 1930 
to 1955. From 1949 to 1955, fifty-five patients with active carditis of 3 to 21 days duration 
were given hormone therapy. The hormones used included corticotropin (ACTH), cor 
tisone (compound E), and hydocortisone (compound F). The average duration of therapy 
was seven days 

The results of the hormone-treated group of patients revealed that the duration of 
active carditis was less than one month in 69% and less than two months in 31%. In 
84% of the patients treated, whose attacks were initial, there was no overt evidence of 
residual cardiac damage. The course of carditis in patients receiving hormone therapy 
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und vas in marked contrast to that of the control group both in duration and extent of residual 
the ardiac damage 
ts Salient Points in the Clinical Diagnosis of Congenital Heart Disease.—The authors 
tof eview the clinical and laboratory findings of 1395 patients with congenital heart disease 
his In their opinion in the vast majority of patients a clinical diagnosis can be made without ‘ 
ed ungiocardiography and without cardiac catheterization. The incidence of the various ; 
ity types of heart disease in this series is given. Twenty of the commoner types of malforma- 
tic tions are discussed in some detail with the salient points of diagnosis presented. In sum ¢ 
ire marizing the findings of the cyanotic patients, the authors state that if the heart presents 
Se roentgenologic’ and fluoroscopic evidences of not being definitely enlarged and pulmonary : 
od vascular markings that are diminished the patient most likely has a malformation of the 
Pp heart amenable to surgery by means of a Blalock-Taussig, Potts-Smith, or a Brock pul- F 
be monary valvulotomy. 
er If, on the other hand, the cyanotic patient presents roentgenologic and fluoroscopic 
O i findings of a definitely enlarged heart and, even more important, if the pulmonary vascular 
“dd 5 pulsations and markings are definitely increased, surgical intervention with the above 
S, a mentioned operations is almost never possible 5 
I] 5 Complement Fixation in Cat Scratch Disease Employing Lygranum C.F. as Antigen. 4: 
Mt In view of reports dealing with postive complement fixation reactions in patients with Me: 
1S cat-scratch disease using the Lygranum C.F. antigen the authors examined by the same 
id i technique serums from 71 persons who had no known attack of cat-scratch disease and 
rf 1 found & positive reactors (11.2%). There were 2 (5%) positive reactors among 40 of 
these controls whose ages varied from 4 to 25 years. There were six positive reactors in 
y persons from 32 to 68 years of age 
t { In the authors opinion -the demonstration of a positive complement fixation to 
e Lvgranum C.F. antigen is without diagnostic value in the individual case of cat-scratch 
f ‘ disease and affords no convincing evidence that the disease belongs to the psittacosis- 
lymphogranuloma group of diseases. 
; 
‘ Canadian Medical Association Journal, Montreal 
: 74:601-678 (April 15) 1956 
Infectious Mononucleosis. J. Lowney and G. X. Trimble 636 
A Case of Fatal Cyclic Vomiting. M. LeClair.—p. 641 
I *Interstitial Plasmacellular (Parasitic) Pneumonia in Infants. F. Gagne and F. Hould.—p. 620 
; 74:678 (May 1) 1956 
| *Keport of a Successful Operation for Stenosis of Common Pulmonary Vein (Cor Triatriatum). A. Vineberg J 
and ©. Gialloreto.—p. 719 
Agamma globulinaemia. J. A. O’Brien and M. M. Sereda.—p. 723 poy : 
Interstitial Plasmacellular (Parasitic) Pneumonia in Infants.— The authors report three “> 
cases of plasmacellular pneumonia in infants. The disease is considered to be quite com- “i 


mon in Europe, but rare in America, and to be due to a parasite, Pneumocystis carinii 
It should be suspected in premature or hypotrophic infants with respiratory distress. The 


parasites appear as minute dots or comma-like basophilic granules surrounded by a clear 


space and a thin, homogeneous, bluish capsule. The problems of taxonomy of Pneumo 
sympto 


cystis and its mode of propagation are discussed. Treatment is supportive and 


matic, antibiotics being totally ineffective 

Report of a Successful Operation for Stenosis of Common Pulmonary Vein (Cor 
Triatriatum).—Stenosis of the common pulmonary vein is very rare. Three types of such 
abnormality ‘are mentioned: (a) with wide connection between the accessory chamber and 


the left atrium, (b) one or several small openings between the accessory chamber and the 
successfully 


atrium, and (c) no connection between these chambers. Details of such a case, 
operated upon, are given with illustrations and diagrams. The clinical picture resembled 


that of mitral stenosis. 


Acute Contagious Diseases 
Tue Epmemic INCREASE OF POLIOMYELITIS IN THE NETHERLANDS AND ADJACENT COUNTRIES 
rw 1952. J. J. van Locuem. Nederl. tijdschr. geneesk. 99:183 (Jan. 15) 1955 
During the summer of 1952, an epidemic of poliomyelitis occurred in a large part of Western 
Europe. A total of 32,000 cases was registered. A statistical analysis of this epidemic is made 
with the help of the public health authorities of the districts and provinces involved 
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It appeared that the nuclear region of this epidemic was localized in Western Germany, 
Eastern Holland, and Northeastern Belgium. In the surrounding districts the epidemic developed 
later, the peak being on an average lower than in the nuclear region. It is pointed out that in 


the nuclear region, wl 


ich neither sociographically nor geographically is a unit, the epidemic was 
characterized by synchronism and isomorbidity 


VAN CREVELD, Amsterdam 


Acute Contagious Diseases 


Resucts Oprainep with A. TASMAN and D. Lesrer, 
Nederl. tijdschr. geneesk. 99:1030 (April 2) 1955 
Chere were 4272 persons immunized with diphtheria-phosphate-toxoid. The number of un 
pleasant reactions was small in both children and adults. The Schick conversion rate was 83% 
after one injection and 99% after two injections; therefore it is advisable to give one or two 
booster injections to older children. The state of immunization of children under 6 years of 
age is bad in the district where this investigation was carried out (a small provincial town) 


VAN CREvVELD, Amsterdam 


Acute Infectious Diseases 


CLINICAL RESULTS WITH THE SULFONAMIDE AMINDAN IN CHILDHOOD. HANS ALBRECTH, Med 
Klin. 50:1830-1831, 1955 
Amindan is a compound of sulfanilamide and sulfosalicylic acid combined with sulfosalicylic 
p-aminobenzolsulfonamid. It is readily soluble in water, the solution being strongly acid. A 3% 
solution has a pH of 2. Sodium bicarbonate 0.16 gm. is added to 0.5 gm. Amindan. The taste 
is pleasant and it is a good antipyretic. The dosage is stated in terms of tablets omitting the 


amount in the tablet. Amindan proved of benefit in various infections of infants and children 


SULPHONAMIDE THERAPY BY RECTUM IN CHILDREN. E. Or.Lanpo, Lattnate 26:647 (Oct.) 1955 
Observations with children of various ages revealed that the administration of suppositories 
containing mixed sulphonamides did not yield a satistactory therapeutic blood level 


Hiceins, Boston 


MENINGITIS IN THE NEWBORN. S. VAN CRrevetp, Nederl. tijdschr. geneesk. 99:473 (Feb. 12) 

1955 

In this clinical lecture the peculiarities of meningitis in the newborn and the difficulties in the 
recognition are stressed. Attacks of cyanosis with fever and vomiting occurring in a newborn 
without distinct etiology must suggest the possibility of meningitis. In other cases restless 
movements of the head, local muscle contractions, and screaming of the child give an indicatior 
for spinal puncture 

Early diagnosis and treatment are of the utmost importance for the recovery and for the 
future mental development of the child. Two cases are given as examples 


VAN CREVELD, Amsterdar 


Resucts or Hetrerotocous PLASMOTHERAPY IN CHILDREN. Dr. R. Ramos and W. Oppen 
HEIMER, Arch. pediat., Barcelona 4:537-551 (March-April) 1954 
The authors present the follow-up on 500 infants treated in a period of nine years with one 
or more infusions of desensitized calf plasma 


lhe types of illnesses and the number of infusions are tabulated. None suffered any allergic 


anapl \ lac tic 


ALLEN, Santa Fe, N. Mex 


TREATMENT OF TETANUS IN THE NEWBORN AND THE Cuitp. L. Torres-Martry and B. Caste! 
LANOS, Arch. pediat., Barcelona 5 :503-509 (March-April) 1955 
Two cases of tetanus in a newborn and a boy of 8 are described in detail. In addition to the 
usual treatment recognized almost universally, the author advises artificial hibernation or hypo 


thermia. Nasal feeding may also be a necessity Antihistamines should be used to prevent 


allergic responses to tetanus antitoxin 
ALLEN, Santa Fe, N. Mex 


316 


é 
‘ 
f 
| 
as 
| 
4 
ib 
Es 
: 
4 


1RBSTRACTS FROM CURRENT LITI RATURE 


‘oLIOMYELITIS. JAMES P. NoLan, BARBARA H. Wuemer, and Josern L. Metnick, New Eng 
land J. Med. 253 :945 (Dec. 1) 1955 


of poliomyelitis in New Canaan, Conn., a community enjoying a high 
and laboratory methods 


Phe 1954 epidemic 
living, was studied with the aid of clinical, epidemiologic, 


standard of 
the outbreak were examined: the epidemiology 


investigation. The following aspects of 
{1 contacts with positive neutralization and complement fixation 


setting, the number of patients anc 
clinical histories 


of patients and contacts excreting virus, the correlation of 


ests, the number 
of the laboratory technics em 


with the results of these laboratory studies, and an evaluation 


ployed 
The initial focus of the epidemic was in a small nursery school, and infection was carnied 


rom here into the community by the school children predominantly to their families and intimate 
Six of the sixteen cases were in adults between 27 and 35 years 


entacts of their families 


tT age 


Serologic tests were performed on 106 persons The complement-fixation test was positive 
wr recent infection in 92% of the patients tested and in 40% of their contacts. Only in children 
ler 6 vears ot age were predominantly monotypic responses obtained to the type otf virus 


the stools. The neutralization test proved of little value a 
h levels by the time the first sample was drawn 


solated u sa chagnosti tool in this 
tudy, because the titers had usually reac hed hig 


Of 114 persons tested, virus was recovered from the gastrointestinal tract in 67. All virus 


‘tion of three strains recovered from members of one family 


btained was Type 1, with the excey 


who were excreting a Type 2 strain 


Stool samples yielded virus about twice as ot 


Virus was recovered from 88% of the patients and 54% 


of all contacts ten as rectal swabs obtained trom 
tro symptomatic contacts 


e same persons. Virus was recovered twice as frequently 


ihitine minor illnesses as from those with no symptoms 


Wueetock, Washington, D. 


Tyre or with COMPLEMENT Fixation. Von W 


DeTERMINATION OF THE 
HeNNESSEN, W. JAcon and H. SeicHTER Deutsche. med. Welnschr. 80 1565-1566, 1955 


In a number of clinically diagnosed cases of poliomyelitis micro-complement-fixation 
carried out. In 62.5% (of 364 patients) complement-hxing intibodies to Type | were 


ound, in 27.6% to Type II, and in 9.9% to Type It! 


/ 


Remarks ApoutT THE SEVERE MENINGOCOCCEMIAS \W ©. Scumrrr, Ata. MrGrevann, at 


Wehnschr, 85 21117-1120 (Nov. 12) 1955 


SorouCHYARI, Schweiz. med 


Attention is called to the pecuhar course a menimgococcus miechion may preset t 
An &-months-old girl had a fever. She groaned a little, there was loss of appetite, s 
vomited once and salivated. Other symptoms ma prevail, respiratory, gastroimntesti al, or arth 
ilgia. This prodromic stage lasted about 12 hour Petechiae appeared with this attacl 
ontinued to appear for three afebrile days During this period leucopenia existed. 1 
fever recurred with hyperleucocytosis. In the other two cases, a bov 15 months of age an 
rl six and a half vears of age, Uus pr xlromic stage was less clear] lefined or absent 
portance ot an early diagnosis 1s stressed ; the uthors recom the eXal ition 
m petechiae for meningococc!, exammation of spi fluid ar ood culture he sever 
the Waterhouse-Friderichsen disease be judged by the lowers blood pressure 
he rectified by noradrenaline Administration of pen in and sulfonamides im large dose 


recommended 


C Reactive Prorern 1N THE Bioop or Pa wrs witH Acute INI 1) \ 
ver VEEN and E. D. A. M. SCHRETLEN Nederl. tijd r. veneesk. 99:1217 (Apr 3) 
Ir preliminary investigatior the « ence C reactive the 
with various acute infectious diseases ‘ strate es c ‘ 
the results previously described by others en the patholosg 
the © reactive protein disappears trot tre 1 iM \ ble « ‘ see 
he presence ot reactive protein prot s sensitive tf 
d } t re the et 1; 
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In judging the reaction to C reactive protein, unlike the sedimentation rate, it 1s not necessary 


to reckon with results, which keep within the limits of possibility. The test for C reactive 
be a valuable aid in determining the presence of infammatory conditions and 


protein may 
f pathological processes in a tentative figure. This may be valuable in 


expressing the activity o 
eases of acute rheumatic conditions 
Van Crevetp, Amsterdam 


PossiBILIry OF TRANSMISSION OF SERUM Hepatitis Virus By INTRACUTANEOUS INJECTION 
\ Cu. Ruys and J. PraKKEN, Nederl. tijdschr. geneesk. 99 :1163-1164 (April 16) 1955 


intracutaneous injections, usually the same syringe is used a number of times with 


In mass 
It is shown that by back- 


out sterilizing, while for each person only the needle is changed 
from the site of injection, erythrocytes of the recipient may enter not only the needle, 


pressure 
It is advisable therefore to use a syringe only once between sterilizings 


but also the syringe 
This is the only way in which to avoid the transmission of the virus of serum hepatitis 


VAN CREVELD, Amsterdam 


SKELETAL MALFORMATION Due MATERNAL Virat Hepatitis 
Pregnancy. E. Dott, Monatsschr. Kinderh. 103 :391-393 (Aug. ) 1955 


Multiple congenital skeletal malformations occurred in an infant born to a mother who had 


CONGENITAI 


developed viral hepatitis during the first trimester of her pregnancy 
Such malformations were reported in an infant whose mother contracted viral hepatitis two 


months prior to delivery 
HARTENSTEIN, Syracuse, N. Y 


Chronic Infectious Diseases 
PropLeEMS IN THE Use or AntI-Tupercucosis Drucs Inrancy. A. CLaRIANA, Arch pediat., 
Barcelona 4:467-497 (March-April) 1954 
The author outlines the uses of PAS, streptomycin, and isonizide He discusses the scheme 


of treatment in miliary tuberculosis and the various adenopathies depending on their anatomical 


location; also the type of pulmonary tuberculosis called infiltration 


He also describes the toxic reactions which may develop. The dosages according to age, 


length of duration of the infection, and the age of the patient are tabulated 


The usual clinical criteria and x-ray films are used to determine the process of cure. The 


duration of treatment varies, but in his resumé he says that in cases where a remission does not 


take place in the expected time a substitution of one drug for another or two together may help 


Even if there are no toxic reactions, this association of two drugs at once or a change of the 


single drug brings an earlier cure 
ALLEN, Santa Fe, N. Mex 


TURERCULOSIS IN TWINS. VERSCHUER and O. Frur, Deutsche med. Wehnschr. 80:1635-1637 


(Nov. 11) 1955 
Identical twins showed a greater similarity in their response to tuberculous infection than 


From the literature and observations of altogether 617 pairs of twins similar 


fraternal twins 
reactions to the infection were registered in 74% of identical against 28% in fraternal twins 


Forty identical and sixty-two nonidentical twins could be checked after 20 years. Here also the 


reactions of the identical twins were more frequently similar than those of nonidentical twins, 
whereby the relatively slight differences between the first and later observations were not sta 


tistically significant. When only one of a pair of identical twins showed tuberculous lesions, 


the other twin died of tuberculosis only in 1 of 11 instances Of 34 nonidentical twins, 19 of the 
primarily not infected twins died of tuberculosis. It is of further interest that the infected 


identical twins of this series often recovered. Aside from other constitutional factors a specific 


hereditary disposition toward tuberculosis is assumed 
Amperc, Rochester, Minn 


PROGRESS AND PROBLEMS OF THE TREATMENT OF TUBERCULOSIS MENINGITIS IN CHILDREN 


LoTHAR WEINGARTNER, Med. Klin. 50:1729-1734, 1955 


The improvement of the treatment of tuberculous meningitis is outlined on the basis of 226 
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atients from 1948-1954, referable to the introduction of various tuberculostatic drugs. Features 
prognostic importance are discussed. The dosage of the remedies is outlined with attention 
possible injuries, and the duration of therapy, streptomycin, isonicotinic acid hydrazid, para 
inosalicylic acid, and thiosemicarbazon and the mode of administration are considered. Treat 

ent with isonicotinic acid hydrazid combined with streptomycin treatment has been adopted 


THE ProcNosis oF CHILDHOOD TupercuLosis: AN 18 Year Fottow-Up Report. Nits 
i Levin, Am. Rev. Tuberc. 72:513 (Oct.) 1955 
This study of 426 children followed for a period of 16 to 22 years was reported from Uttran, 
Sweden. All patients had received detailed x-ray and bacteriologic studies initially, and a 94% 
follow-up on x-ray was obtained as well as a complete follow-up on those who had died of 
the 254 children who had initially shown active tuberculosis 82% had no signs of active lesions 
on the follow-up x-ray study. Thirty-four children (13%) had died, twenty-six of lung compli 
cations and eight of tuberculous meningitis. The death rate of children who initially showed 
L postprimary lesions was nine times that of those initially showing primary tuberculosis. But 
A leath from tuberculous meningitis was commoner in the group initially showing primary lesions 
In the “primary” group the mortality rate increased with the age of the child at diagnosis; the 
: reverse was noted in the postprimary group. Both groups had proportionately high death rates 
in the children who contracted tuberculosis during puberty 
’ Royce, Pasadena, Calif 


Diseases of Blood, Heart and Blood Vessels, and Spleen 


Bantr’s DiseASE AND Frerous ConGestivE SPLENOPATHY IN CHILDREN. P. ForNARA and 
M. Genest, Minerva pediat. 7 :1357 (Nov. 3) 1955 
Splenectomy was performed on a boy of 8 years; the child died 5 years later of an infection 
q following episodes of marked ascites. Of four cases of congestive splenomegaly in children a 
splenectomy was done in three; two of these three children died six and eight years later of 
internal hemorrhages. Microscopic sections of the liver and spleen of these children are pictured 
In the case of Banti’s disease, there was marked hepatic cirrhosis, and practically no sequellae 


of thrombosis found. In the cases of congestive splenomegaly hepatic cirrhosis was rare, but 
| the sequellae of thrombosis are very evident. Congestion of the spleen was not present in the 
! case of Banti’s disease. Splenectomy was observed to have a beneficial effect in the cases of 


congestive splenomegaly; but it does not lower portal hypertension; if that condition exists, 


eventually severe hematemesis can occur. It is recommended that splenoportography and mano 


metric measurements be made in considering the advisability of splenectomy 


Hicerns, Boston 


Tue Amount or Pyruvic Aci In THE Boop or CHILDREN witH CONGENITAL HEART 
PatHotocy. E. Secacni and G. Bono, Minerva pediat. 7:989 (Aug. 25) 1955 


The pyruvic acid content was determined in the bloods of 10 normal children and of 30 
children with congenital heart pathology, 20 of whom were cyanotic. The mean finding for the 
healthy child was 88 mg/100 cc., for the cyanotic heart case 67 mg/100 cc., and for the nor 


cyanotic heart case 71 mg/100 cc 


Possible explanations for this quite consistent low normal pyruvicemia in cardiac cases are 
considered. This finding may be associated with the hypoglycemia or the low proteinemia so 
commonly found in heart cases. It is also quite possible that a different mechanism for the 


catabolism of pyruvic acid may be called into play 


Hicerns, Boston 


Tue Action oF CorTISONE ON THE CONCENTRATION OF SopruM SALICYLATE IN THE BL Loop 
G. Getto and L. Detta Santa, Minerva pediat. 7:1456 (Nov. 10) 1955 


The salicylate content of the bloods of 15 afebrile rheumatic patients were determined 1, 2, 3, 


6. 9. and 12 hours after the administration of sodium salicylate (0.12 to 0.18 gm/kg.) and sodium 


bicarbonate. The same determinations were made after 50 to 75 mg. cortisone were given in 


addition to the salicylate. In 8 of the 15 patients, the blood salicylates were higher when the 


cortisone was given; in no case were they lower. The conclusion is drawn that cortisone usually 


increases salicylemia, improves the tolerance for salicylates, and thus provides a benefici: 
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synergism in the treatment of rheumatic fever. It appears quite likely that the cortisone exerts 
in inhibitory action on the renal clearance of salicylates 
Hicecins, Boston 


Curnicat Statistics Recarpinc 112 CHILDREN witH RHEUMATIC Fever, SEGAGNI, MINERVA 

pediat. 7:1309 (Oct. 27) 1955 

One hundred twelve children with rheumatic disease were admitted to the wards of the 
Pediatric Clinic of the University of Turin during the years 1946 to 1954, accounting for 1.21% 
of the total admissions. The lowest incidence in any one year was 5 (.55%) in 1947, and the 
highest 27 (1.86%) in 1953. There was no indication that the disease was becoming more or 
less frequent now as compared with 9 years ago. The disease was more frequent in the colder 
months than in the warmer (63 and 49 cases). The mean age was 8 years, being the same for 
boys and girls; 53 of the cases were in boys and 59 in girls. There was a family history of 
the disease in 51 of the cases. The onset followed recent attacks of scarlet fever in 7 cases, of 
tonsillitis or sore throat in 26 cases, of other streptococcic infections in 14 cases, and influenza 
in 2 cases. Forty-four per cent of the children showed signs of carditis on the first rheumatic 
attack, and seventy per cent of those having had previous attacks. The diastolic murmur of 
iortic insufficiency was present in only three children. Seventeen of the children had chorea, 
ind three erythema nodosum. The RBC was less than 3,500,000 in 51% of the cases. Treatment 
was by penicillin and the sulfonamide drugs, by salicylates, and in the severer cases by ACTH 
and cortisone; 31% recovered from their attack without cardiac damage; 7% died 


Boston 


[He MEASUREMENT OF THE CARDIAC VOLUME IN CHILDREN BY MEANS OF TRANSVERSE AXIAI 
STRATIGRAPHY. L. Burronr and A. De Maegsrri, Minerva pediat. 7:638 (June 2) 1955 
After placing a grid, with wires 1 cm. apart, over the child’s chest, anterior-posterior and 

transverse stratigraphic films were taken. Measurements on these films allow one to calculate 

the volume of the heart 


HIGGINS, Boston 


[ue TREATMENT OF Heart Farture By LANaAtTosipe C. G. GRANATA and L. PARENZAN, 

Minerva pediat. 7 :1292 (Oct. 20) 1955 

Lanatoside C (Cedilanid), a glucoside from the Digitalis lanata, proved very efficacious in 
relieving heart decompensation in five children with rheumatic heart disease; three of the chil- 
dren had acute carditis. The relative efficacy of the drug is due to its rapid action and to its 
failure to become fixed and accumulate in the body. The drug is quite safe, providing one 
gauges the dose so as to take into consideration the accumulation of other digitalis preparation 
previously given 


HIGGINS, Boston 


ELECTROPHORESIS ON PAPER OF THE HEMOGLOBIN IN ZTHALASSEMIA, DREPANOCYTOSIS AND 
[HALASSODREPANOCYTOSIS. I. Garro and A. LA Gruta, Minerva pediat. 7:618 (May 19) 
1955 

By paper electrophoresis (Ph 9.2%, Na barbital 2.1%), the different types of hemoglobin 
migrate as negative ions at different rates. In this way it is possible to identify carriers of the 
traits of thalassemia and drepanocytosis 


Hicerns, Boston 


Carptac CATHETERIZATION AND TRANSVERSE AXIAL STRATIGRAPHY IN THE DIAGNOSIS OF 
AurICULAR SepraAL Derects (WITH FEW SYMPTOMS) AND OF LUTEMBACHER’S SYNDROMI 
R. Butcaretwt, Minerva pediat. 7:1277 (Oct. 20) 1955 
The work-up of two cases of patent auricular septum is described, and the findings by x-ray, 
stratigraphy, and cardiac catherization well illustrated 
One case was of an 11-year-old boy who had a slightly enlarged heart, a protosystolic murmur 
over the body of the heart, and practically no symptoms. Among other findings, it was estab 


lished that the blood in the right auricle had a lower CO, content than either the venous blood 
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septum and 


41 years old with Lutembacher’s syndrome 
a mitral stenosis, either congenital or 


HIGGINS, 


Boston 


le was shown on a film taken at the time 


In this syn 


He Prorein CONTENTS IN THI Venous CIRCULA 


NorMAI 


CHupreN. Minerva pediat. 7 


Prorern CONSTITUENTS OF THE Perit 


RARTALENA, Minerva pediat. 7 :1300 (Oct 20) 1955 


rhese two papers present the differences 
i the medullary blood of normal children and the changes 
of the tibia, 


medullary blood was obtained by needle puncture 


5 ec. was withdrawn, as only 0.01 cc. of se 


ly consistent differences between the 


and the gamma-globulin content 


lary than in the peripheral blood ; 
finding were found im various diseases. The 


In the well child, the albumin and the gamma 
the A/G ratio also usually was lugher 


two bloods were 


rum 


was markedly higher in the cases otf children 


purpura, and dystrophy 


hleed of children with acute rheumatic 


ferences were found in the I 
with nephritis, nephrosis, catarrhal jaundice, 


Milan. were in the fall and winter months 


indicate that the gamma-globulin m 


iy, SEASONAL INCIDENCE OF ACUT! LEUKEMIA 


7-604 (May 19) 1955. 


reve 


“+r, and in secondary and aplastic anemia 


was needed tor the electrophoretic study 
in the albumin content, the A/G ratio, 


with 


VARIOUS 


acute 


yrotein contents of the medullary ane 


Diseases. W. TANGHERM 


found in certain ih 


globulin contents were greater in the 
Deviation trom this 


gamma-globulin content ot the med 


gastroenteritis, hemolyti 


The gamma-globulin content was definitely lower in the 


and pulmonary tuberculosts These h 


av be formed in the bone marrow 


rhe times of onset of 38 of the 50 cases of 


incidence 


He URtNARY EXCRETION OF THE 11-OXyYCORTICOIDS 


CONTENTS OF POTASSIUM AND SopiuM IN 
SALICYLATI 


UNpER TREATMENT WITH SopruM 
37 (Aug.) 1955 


When 23 children with acute rheumatic 


definite and marked increase in the urmar) 


in 


6 cases there was also an increase in the excretion 


icy 


excrenol 


IN (4 


HILDREN. B. Fantuzzi, Minerva pediat 


HIGGINS, 


acute leukemia, seen at the Pediat 


thove the physiological level ; there were no significant 


potassium or of sodium in the blood serum 


kre 


has a pharmalogical and medicinal action on the a 


{ 


surgical intervention was successful 


uronic Perrcarpitis, J. M. Duran 


This is a presentation of a chron 


ANI 


hronic constrictive type ot pericarditis 


irdiographic readings and x-rays 


The symptoms, diagnosis, details © 


cluded 


the 


RET 


ardit 


Wad 


oyn T 


This finding suggests that the disease 


AND TH 


} 


HIGGins 


17-KeETOSTEROIDS AND 


CHILDREN WITH AcuTE RHEUMATIC 


M. La 


ro and A. CeccCARFLLI, 


ven sodium salicylate 


INI AND 


esses. The 


ullary blood 


ndings seem 


Bostot 


ric Clink 


iS a Seasona 


Bostot 


rHE 


NFECTIONS 


Clin. pediat 


there was 


R 


of the auricle on the j 


606 ( May 
*HERAL AND 


1 in the protein constituents o! the peripheral 


the ilium or, the sternum ; about 


The 


medul 


anemia, 
medullary 
No dit 


1 peripheral bloods ot children 


ee 
“ween wer 


» 


M 


er were gi 
of the 11-oxveorticosteroids u each cast 
of the 17 ketosterotds, but not to a degree 
or consistent changes mm the amounts ot eae 
wn these data, 1t appears that sodium salicylate ; 
renal cortex 
Hicctns, Bostor 


Arcl 


a 


pediat 


hild ol 


tuberculous 


and all symptoms 


iti 


lisapy 


nd 


4 years. The 
After antituberculos 


eared, including the spe 


before and after pho 


ALLEN, Santa Fe, 


4:481 504 (March April) 1954 


logy ot this 


is treatme 


cific electr 


ip! 


N. Mex 


| 
if 
A 
a 
Cc 
“xy 
it 
a 
. 
A 
1 
"> 
| 
ar 
321 


A. M. A. JOURNAL OF DISEASES OF CHILDREN 


TEMPORARY GENERALIZED OeDEMA oF Opsscure Oricin. R. S. ILtincwortH and E. Fincu 
Arch. Dis. Childhood 29:513 ( Dec.) 1954 


7 wo cases 


other for 14 months. Recovery in both cases was spontaneous and complete 


It is suggested that the cause in both cases lay in a temporary disturbance of protein metab 
olism of unknown origin 


Ketty, Milwaukee 


CHRONIC GENERALIZED OrDEMA AND HyporroreINAEMIA OF Opscure Orictn. R. S. ILLING- 
wortH and E. Fincu, Arch. Dis. Childhood 29:507 (Dec.) 1954 
After a review of the literature, two cases of obscure generalized edema with hypoproteinemia 
and steatorrhea are described. One child died, and was found to have fatty infiltration of the 
pancreas and atrophic acini, without cystic fibrosis. The other child does not appear to have 
either cystic fibrosis of the pancreas or celiac disease. The cause of the hypoproteinemia was 


not determined 


Ketty, Milwaukee 


Acute VASCULAR (SCHONLEIN-HENocH) PurpURA—AN IMMUNOLOGIC DiseASE? MARSHALL 
B. Krerpperc, WitttAM DAMesHEK, and Rocco Larorraca, New England J. Med. 253 
1014 (Dec. 8) 1955 

The authors studied 15 children from 2 to 10 years of age who were admitted to the Boston 

Floating Hospital because of purpura. A full hematologic work-up was done in most instances 
Che classic clinical picture of urticaria, palpable purpura, arthralgia, fever, and malaise is 

described in detail. The association of hemorrhagic glomerulonephritis with anaphylactoid 

purpura is common, and hematuria should be assiduously sought for during the course of the 
hematologic phenomena 

Etiologic theories (based on antigen-antibody mechanisms), the histologic studies, and the 
use of ACTH in treatment are all discussed 

The authors add the weight of their opinion to the thesis now commonly held that anaphy- 
lactoid purpura belongs to the “collagen” group of diseases which are probably initiated by beta 


streptococ cal infection 


WHEELOocK, Washington, D. C 


THe Propucrion oF THROMBOPLASTIN IN THE BLoop or Newsporns. S. vAN Crevetp, H 
3aKER, T. Niessinc, J. J. Srpkema, and C. A. A. M. Smrrs, Nederl. tijdschr. geneesk 
99-1146 (April 16) 1955 

Quantitative and (or) qualitative changes in the platelets could not be found responsible for 
the abnormal course of the thromboplastin generation test (T.G.T.) found in premature new- 
born infants 

An isolated fraction of the plasma-thromboplastin component (P.T.C.) produced a change 
toward normal in the T.G.T., performed with normal plasma, normal platelets, and serum of 
premature infants. This speaks in favor of the presence of a P.T.C. deficiency in newborn 
premature infants. A normal level of the P.T.C. in premature infants was reached between 
the 21st and 25th day of life 


VAN CRrEVELD, Amsterdam 
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News and 


in New York will be received up to Nov. 1, 
redit by the American Board of Pediatrics and is limited to the neoplastic diseases of 
children. Salary: $3600 annually plus maintenance. For application forms and information 
Center for Cancer and Allied Diseases, +444 


write: Director, Pediatric Service, Memorial 
East 68th Street, New York 21. 


Postgraduate Course in Pediatric Allergy—New York Medical College, Flower and 
Fifth Avenue hospitals, Division of Graduate Studies, Department of Graduate Pediatrics 
announces a postgraduate course in pediatric allergy under the direction of Bret Ratner, M.D, 
Professor of Clinical Pediatrics and Associate Professor of Immunology. There will be 
3) sessions, one each Wednesday, from 9 a.m. to 4 p.m., beginning on Nov. 7, 1956, and ending 


May 29, 1957: the fee is $300.00 


[he course consists of lecture-seminars, laboratory and clinical procedures, clink work, 


ward rounds, and animal experimentation covering basic principles of diagnosis and treatment 7 


of allergy in children, and applied immunology 


Applicants must be certified in pediatrics or have the requirements tor certification En a 


rollment is limited 


Applicatons should be sent to the Office of the Dean, New York Medical College, 5th Ave F: 


it 106th St.. New York 29 


\ Research Fellowship in Pediatric Allergy is available; application should be made now af 


GENERAL NEWS * 


Specialists Certified by the American Board of Pediatrics, Inc.—The following phys! 
cians were certified as specialists by the American Board of Pediatrics, Inc., in Atlantic 


City, N. J., on May 3, 4, and 5, 1956 


\gustsson, Hreidar, Aberdeen Proving 
Ground, Md 

Appleby, Robert Earle, Wilton, Conn 

Beasley, Albert Sidney, Westport, Conn 

Becker, Frederick B., Portsmouth, Va 

Bennett, Doris Ruth Rubin, Malden, Mass 
tlatman, Saul, Manhasset, Long Island, N. Y 

Brady, loan Veronica, Urbana, Ill 

Cecil, Henry Shuford, Paoli, Pa 

Chambliss, Harriette Clark, Washington, D. C 

Chao, Dora Hsi-chih, Houston, Texas 

Charash, Leon Irwin, New York 

Coffin, Grange S., Baltimore 

Cooper, Richard, San Antonio, Texas 

Corbo, Paschal Anthony, Staten Island, N. Y 

Costeff, Hanan, Woodside, N. ¥ 

Cypress, George Christopher, Ir., 
Washington, D. C 

Deitch, Selma R., Needham, Mass 

Doe, Thomas A., Springfield, Mass 

Fellers, Francis Xavier, Amherst, Mass 

Field, William Grant, Ocean City, N. J 

Fisher, Marion White, Sandston, Va 

Gaskins, Albert L., Ir., Philadelphia 

Gersh, Marvin James, Tarrytown, N. Y 

Gershman, Martin, Fort Huachuca, Ariz 

Glass, Herbert Lee, New York 

Glazier, William, Winthrop, Mass 

Lonzalez, Romulo F., Svracuse, N. Y 


ANNOUNCEMENTS 


Residency in Pediatric Oncology.—Applications for residency from July 1, 1957, to 
lune 30, 1958, in Pediatric Oncology at Memorial Center for Cancer and Allied Diseases 


Comment 


1956. This residency is approved for partial 


Gonzalez, Etervina Figueroa de, 


Santurce, Puerto Rico 


Gonzalez Alvarez, Osvaldo, : 


Santurce, Puerto Rico 
Goren, Stanley Edwin, Philadelphia “e 
Guilbert, Paul William, Montreal, Canada al 
Haggerty, Robert Johns, Boston “a 
Hearne, Calvin B., Wilmington, Del i 
Hoekelman, Robert Arnold, Ir., al 
Canandaigua, N. Y 
Jalbert, Eugene O., Manchester, N. H > 
James, Grace M., Louisville, Ky + 
Kitch, Charles D., La Mesa, Calif 
Kugler, Margaret M., Riverdale, N. Y 


Lechaux, Pierre Aymar, Washington, D. ¢ 


Lee, |. Frederick, Greenwich, Conr 

Lerrick, Robert Benson, Yorktown 
Heights, N. Y 

Leyrer, Ralph Henry, Hamilton, Ohio 

Lockhart, David A., Concord, N. ¢ 

Lomant, Harry V., Mt. Vernon, N. ¥ 


Lyman, Margaret S., lowa City 


Mitus, Anna (nee Turyezyn), Boston 
Nitowsky, Harold M., Baltimore 
Palfrey, William Gorgas, Baton Rouge, La 
Pascoe, M. Gilbert, Brantford, 

Ontario, Canada 
Pastel, Robert A., Svracuse, N.Y 
Raimo, Anthony S., Ridgewood, N. | 
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Ready, John C., Cambridge, Mass 

Recinos, Adrian, |r., Falls Church, Va 

Retsina-Babakitis, Mary, Chicago 

Ross, Lawrence Sidney, Huntington 
Station, N. Y 

Rothschild, Herbert B., New Orleans, La 

Rutledge, Lewis James, New Orleans, La 

Sceery, Robert T., Cohasset, Mass 

Sears, Edward Manning, Boston 

Smith, Fredrika P., Northampton, Mass 

Stamler, Arthur Alan, New Orleans, La 

Stone, Shirley M., New York 


cians were certified by The American Board of Pediatrics, Inc., 


and 10, 1956 

Angle, Carol Remmer, Omaha 
Baernstein, Harry Daniel, Jr., Racine, Wis 
Beverly, Bert Ira, Jr.. Oak Park, Ill 
Boysen, James F., Sioux City, lowa 


Srown, Audrey K., Detroit 


Char, Donald F. B., Philadelphia 
Chattin, William Rogers, Indianapolis 
Cimino, Louis E., Amarillo, Texas 
Cole, Wilfred Ir Jackson, Miss 
Cooper, Robert F., Columbus, Ohio 


Coverdale, Keith M., Bowling Green, Ky 
Cunnick, Dorothy Gildea, Davenport, lowa 
DeFede, Anton John, Bakersfield, Calif 
Dickinson, David G., Ann Arbor, Mich 
Dine, Mark S., Cincinnati 

Dunn, Paul Joseph, Oak Park, III 
Friedman, Violet, Brooklyn 

Garber, Max J., Farmington, Mich 
Goldman, Albert, Chicago 

Gustafson, John E., West Des Moines, Iowa 
Harrison, Gunyon Mitchell, Houston, Texas 
Hartmann, Alexis F., Ir., St. Louis 
Heiligman, Emmett M., Alhambra, Calif 
Herring George W., Hattiesburg, Miss 
Heyman, Louis F., Detroit 

Hosier, Don M., Columbus, Ohio 

Howard, Robert Corlett, Denver 

Jackson, Donald W., Covina, Calif 

James, John Alexander, Dallas 

Jones, Forest Davenport, Atlanta 

lones, John Theodore, Painesville, Ohio 
loos, Thad H., Grosse Pointe Woods, Mich 
Kenna, Marita Dolores, Pittsburgh 
Konieczny, Leo Stanley, Ironton, Ohio 
Kopp, William Joseph, Huntington, W. Va 
Kruze, Vilis, Westchester, Ill 

Lavrich, Kathryn D., Cincinnati 

Lehmann, Walter Xavier, Wilton, Conn 
Lewis, Rav B., Columbia, Mo 

MeGavran, Elizabeth Jean, Whitesburg, Ky 
MacDonald, Jack D., Portsmouth, Ohio 
Matthews, Edward C., Cincinnati 

Mever, Marvethel, Lakewood, Colo 
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Streamer, Charles Walker, Denver 
Tayloe, David T., Washington, N. C 
Viglani, Mario, Geneva, N. Y 

Ward, George W., Philadelphia 

Watson, Robert Weir, Jr., Visalia, Calif 
Weatherly, Carl H., Boston 

Weed, Allen Stanley, Langley AFB, Va 
Whaley, Helen S., Brookline, Mass 
Wood, David W., Media, Pa 

Zang, Louis Culberson, Jr., Odessa, Texas 
Ziegler, Joseph, Burlington, N. J 
Zuckerman, Joseph I., New Orleans, La 


Specialists Certified by The American Board of Pediatrics, Inc.—The following physi 
in Cincinnati on June 8, 9, 


Niehaus, Robert W., Cincinnati 

Nitzke, Everett A., Des Moines 

Ohren, Irving R., Milwaukee 

Oliver, Thomas K., Jr., Columbus, Ohio 
Patterson, John Robert, Kansas City, Mo 
Patton, Charles H., Ir., Brunswick, Maine 
Peterson, Shirley J., Barrington, 
Phillips, Dalton T., White Plains, N. Y 
Ramsey, Bartlett W., Topeka, Kans 
Rivkin, Joseph, Mt. Clemens, Mich 
Scheip, James R., Columbus, Ohio 
Scheuber, Charles, San Antonio, Texas 
Schroeder, Robert W., Fond du Lac, Wis 
Scurletis, Theodore D., Pittsburgh 
Seabright, Howard Lee, San Diego 
Sharpsteen, J. Randolph, Jr., Man, W. Va 
Singer, Melville 1., Garden Grove, Calif. 
Smith, Fred Newman, Rockford, II! 
Spencer, Hugh Burns, Tulsa 

Sternberg, Louis B., Louisville, Ky 
Stoeckle, Harry G. E., Jr., Galveston, Texas 
Suttie, Grant, DeKalb, 

Sweeney, Edgar Chew, Charlotte, N. C 
Talner, Norman S., Ann Arbor, Mich 
Taylor, Paul M., Jr., Pittsburgh 

Thomas, Samuel M., Columbus, Ohio 
Thomasson, David D., Springfield, Mo 
Thompson, Arthur Lee, Detroit 

Tillou, Mary Jean, East Aurora, N. Y 
Vitanza, Constance, Binghamton, N. Y 
White, James S., Jr., Chapel Hill, N.C 
Wirtshafter, Robert J., Chicago 
Womack, Noel Catching, Jr., Jackson, Miss 
Wright, Harold L., Ir. Ann Arbor, Mich 
Zahller, F. Marshall, Omaha. 

Zike, Kenneth Z., Los Angeles 


Special certificate, noncitizens 


Del Carmen, Filemon Tantoco, Manila, Philippines. 


Hosseini, Mohammad Bagher, North 
Arlington, N. J 

james, Leonard S., Manhattan, N. ¥ 

Say, Mehmet Burhanettin, Nashville 


Tovar, Guillermo, Caracas, Venezuela 
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